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THE  NATURE  OF  UNSUCCESSFUL  ACTS  AND  THEIR 
ORDER  OF  ELIMINATION  IN  ANIMAL  LEARNING^ 

ZING  YANG  KUO 

From  the  Pgyehologieal  Laboratory  of  the  University  of  California 

The  so-called  unsuccessful  movements  in  animal  or  humaii 
learning  may  be  of  two  general  types;  they  may  be  either  ill- 
adaptive  acts  or  merely  excessive  acts.  By  an  ill-adaptive  act 
is  meant  one  that  will  either  result  in  phjrsical  punishment  or 
tend  to  check  or  disrupt  the  activity  or  the  progress  of  the 
animal  toward  a  consummatory.  reaction,  such  as  food,  or  relief 
from  confinement.  By  an  excessive  act  is  meant  one  that  will 
neither  do  an  injury  to  the  organism  nor  will  prevent  it  from 
reaching  its  goal,  but  that  will,  nevertheless,  delay  or  prolong  the 
process  of  consummatory  reaction.  Ill-adaptive  acts  as  well  as 
excessive  acts  may  be  of  various  degrees. 

Our  assiunption  is  (1)  that  under  normal  conditions  animals 
will  eliminate  ill-adaptive  movements  sooner  than  they  will 
excessive  movements,  (2)  that  the  order  of  elimination  of  ill- 
adaptive  movements  will  be  according  to  the  degree  of  ill-adap- 
tiveness,  and  (3)  that  the  merely  excessive  movements  may  some- 
times not  be  eliminated  at  all. 

NATUBE  OF  THE   EXPEBIMENT 

To  test  out  the  above  assiunption  an  experiment  was  performed 
with  13  black  and  white  rats.  A  "multiple  choice"  apparatus 
was  used  containing  four  compartments.  One  of  these  led  the 
animal  to  the  food  box  by  a  short  path;  another,  by  a  longer 
path;  another  confined  the  animal  for  a  period  of  time,  and  a 
fourth  provided  an  electric  shock  punishment.  For  convenience 
of  discussion  we  shall  hereafter  call  these  four  compartments 

*  Invaluable  suggestions  and  assistance  were  received  from  Dr.  Edward  C.  Tol- 
man.    Read  in  part  before  the  Western  Psychological  Association,  August,  1921. 
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short-path  compartment,  long-path  compartment,  confinement 
compartment  and  electric-shock  compartment,  respectively. 

It  was  assumed  that  both  electric  shock  and  confinement  were 
to  be  classed  as  "ill-adaptive."  And,  further,  it  was  assumed 
that  the  electric  shock  was  more  ill-adaptive  than  confinement 
in  that  the  former  gives  physical  pain  while  the  latter  simply 
checks  the  animal's  progress  in  getting  food.  And,  finally,  it 
was  supposed  that  the  entrance  into  the  long-path  compartment 
would  be  merely  an  excessive  act  when  compared  with  the  en- 
trance into  the  short-path  compartment.  If,  then,  our  original 
assimiptions  hold  good,  we  would  expect: 

1.  That  the  animal  would  eliminate  the  confinement  c6mpart- 
ment  sooner  than  the  long-path  compartment. 

2.  That  it  would  eliminate  the  electric-shock  compartment 
more  readily  than  the  confinement  compartment. 

3.  That  on  the  whole  rats  would  prefer  the  short-path  com- 
partment to  the  long-path  compartment. 

The  figure  shows  the  ground  plan  of  the  apparatus.  The 
outside  rectangular  box,  R.S.T.U.f  is  38  inches  in  length  and 
36  inches  in  width;  the  inside  rectangular  box,  R.^S.^TMJ.\  is 
30  inches  in  length  and  28  inches  in  width;  the  rimways  between 
the  two  boxes  are  4  inches  in  width.  E  is  the  entrance  door; 
D^  D*,  D«,  and  D*  are  spring  doors.  The  inside  box  consists 
of  four  compartments  (numbered  ly2,3,  and  4  in  the  figure). 

The  length  of  the  compartment*  is  one-half  of  the  length  of 
the  inside  box.  Each  compartment  has  two  doors,  one  in  the 
front  and  the  other  in  the  back.  All  the  doors,  including  the 
entrance  door  and  other  spring  doors,  are  tied  with  string  so 
that  the  experimenter  can  close  or  open  these  doors  by  manipu- 
lating the  strings.  On  the  floor  of  all  four  compartments  there 
are  punishment  grills  connected  with  an  induction  coil  outside  the 
maze.  The  entire  maze  is  constructed  of  unpainted  |  inch 
redwood,  7  inches  high,  and  is  covered  with  wire  mesh. 

During  the  "preliminary"  the  animal  is  fed  at  0.  During 
the  actual  experiment  food  is  put  either  at  F^  or  F^.  P  is  the 
position  of  the  experimenter.  By  means  of  the  spring  doors 
the  experimenter  was  enabled  at  will  to  make  the  animal  go  to 
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the  food  box  either  by  a  long  path  or  by  a  short  path.  For  m- 
stance,  if  the  food  box  was  at  F*  and  if  the  animal  chose  the  long 
path  compartment,  the  experimenter  then  opened  doors  DS 
D*,  and  D*,  and  the  animal  was  obUged  to  go  around  the  maze 
in  order  to  get  food.    If,  on  the  other  hand,  it  chose  the  short- 
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path  compartment,  door  D'  was  opened  and  it  would  immediately 
get  food  by  turning  to  the  right. 

Four  groups  of  black  and  white  rats  were  used  as  subjects. 
Group  four  consisted  of  four  rats,  the  other  three  groups  con- 
sisted of  three  rats  each.  All  of  these  rats  were  young  adult 
males,  approximately  three  months  old  at  the  beginning  of  the 
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THE  NATURE  OF  UNSUCCESSFUL  ACTS  7 

experiment.  They  were  in  good  health  throughout.  Great 
care  was  exercised  in  selecting  subjects.  Many  rats  were  re- 
jected on  accoiint  of  their  not  being  docile;  that  is,  being  wild  or 
excitable.  We  shall,  in  a  later  section,  justify  such  procedure 
of  selection.  No  rat  selected  had  any  training  previous  to  the 
experiment. 

Hunger  was  the  primary  motive  used  in  the  experiment. 
Other  reaction  tendencies  such  as  curiosity,  anger,  and  the  like, 
were  eliminated  to  a  maximum  degree  either  by  the  selection  of 
subjects  or  by  controlling  the  experimental  conditions.  Before 
the  experiment  was  started  the  rats  were  given  abundant  food. 
Two  days  before  the  ''preliminary"  the  food  was  reduced  to  a 
minimum  and  the  same  amount  of  food  was  given  daily  at  the 
same  hour  throughout  the  experiment.  No  rat  was  fed  outside 
the  maze  either  during  the  prehminary  or  during  the  actual 
experiment. 

During  the  preliminary  period  the  rats  were  allowed  to  ex- 
plore the  runways  of  the  maze  while  both  the  front  and  back 
doors  of  all  the  compartments  were  kept  closed.  This  prelimi- 
nary training  usually  lasted  from  five  to  six  days.  Great  care 
was  taken  to  look  for  any  habitual  disposition  to  enter  one  com- 
partment rather  than  another  before  the  training  was  begun, 
but  no  such  preferential  tendency  was  discovered. 

The  four  compartments  were  so  arranged  that  each  of  them 
could  be  used  interchangeably  as  electric-shock  compartment  for 
one  group  of  rats,  as  confinement  compartment  for  another 
group,  as  long-path  compartment  for  the  third  group,  and  as 
short-path  compartment  for  the  fourth  group.  Thus,  no  com- 
partment was  used  the  same  way  for  two  groups  (for  example, 
the  same  compartment  was  never  used  as  confinement  compart- 
ment for  more  than  one  group).  The  arrangements  for  settings 
of  the  four  compartments  for  the  four  groups  of  rats  will  be 
seen  on  the  top  of  each  of  the  four  main  columns  of  table  1. 
The  numbers  1,  2,  3,  4,  in  the  "setting"  column  designate  the 
compartment  numbers  as  shown  in  the  drawing  of  the  apparatus. 

When  the  animal  was  admitted  by  the  entrance  door  E,  he 
had  to  choose  one  of  the  four  compartments  in  order  to  get  food. 
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All  the  front  doors  were  open  while  the  back  doors  were  dosed. 
If  the  animal  chose  the  short-path  compartment  the  experi- 
menter immediately  lifted  the  back  door  and  permitted  him  to 
go  to  the  food  box  by  a  short  path.  If  he  chose  the  long-path 
compartment  the  experimenter  lifted  the  back  door  and  made  the 
animal  go  to  the  food  box  by  a  round  trip.  If  the  electric-shock 
or  the  confinement  compartment  were  chosen  the  experimenter 
immediately  lowered  the  front  door  and  in  the  former  case 
pressed  the  key  outside  the  maze  thus  giving  the  animal  a  shock, 
or,  in  the  latter  case  confining  him  in  the  compartment  for 
twenty  seconds.  The  electric  shock  was  strong  enou^  to  make  the 
animal  squeal  every  time  and  immediately  jump  back  from  the 
compartment  after  the  shock  was  given.  Great  care  was  taken 
to  prevent  any  injury  to  the  animal's  tissue.  No  rat  seemed  to 
have  display^  any  excitement  or  refused  to  work  after  the 
punishment,  although  hesitation  to  reenter  the  electric-shock 
compartment  after  the  shock  had  been  given  was  observed  in 
many  rats. 

Each  rat  was  given  five  trials  per  day.  After  the  rat  had 
learned  to  go  to  any  given  compartment  consecutively  for  fif te^i 
trials,  without  any  error,  the  habit  was  considered  as  perfect 
and  the  experiment  was  discontinued. 

RESULTS 

Table  1  gives  the  detailed  records  of  the  four  groups  of  rats. 
The  figures  in  the  first  column  represent  the  trial  numbers.  The 
figures  in  the  other  columns  designate  the  compartment  numbers 
entered  by  the  rats  on  each  trial;  for  instance,  Rat  1  entered 
compartments  S  and  1  on  the  first  which  were  set  as  confinement 
compartment  and  long-path  compartment,  respectively,  for  group 
I  (rats  1-3).  Rat  4  entered  compartments  1,  4^  and  9,  on  the 
second  trial  which  were  set  for  group  II  (rats  4r-6)  as  confinement 
compartment,  electric-shock  compartment,  and  long-path  com- 
partment, respectively. 

Table  2  gives  the  number  of  the  trial  on  which  electric-shock, 
confinement   and   long-path  compartments   were  last  entered 


Digitized  by 


Google 


THE  NATURE  OF  UNSUCCESSFUL  ACTS 


9 


by  each  of  the  thirteen  rats.  E.S.  designates  electric-shock  com- 
partment; C.F.  confinement  compartment;  and  L.P.  long-path 
compartment.  Figures  with  parentheses  represent  the  cases 
that  do  not  follow  the  rule  of  the  order  of  elimination  found  in 
this  experiment. 
The  results  show  several  important  features: 
1.  The  electric-shock  compartment  was  eliminated  sooner  than  the 
confinement  compartment.  On  the  average  the  last  entrance 
into  the  former  compartment  occurred  on  the  7th  trial  (median, 

TABLE  2 


BAT 

B.S. 

O.F. 

L.P. 

TOTAL  TBIALB 

1 

10th 

49th 

58th 

73 

2 

14th 

18th 

43d 

58 

3 

14th 

19th 

20th 

35 

4 

7th 

27th 

43d 

58 

5 

4th 

43d 

47th 

62 

6 

(8th) 

(6th) 

10th 

25 

7 

2nd 

17th 

39th 

54 

8 

(11th) 

(9th) 

(10th) 

25 

9 

(6th) 

(1st) 

(6th) 

21 

10 

2nd 

13th 

40 

11 

4th 

12th 

24th 

39 

12 

5th 

13th 

40 

18 

6th 

a6th) 

a6th) 

31 

Ayerage 

7th 

18th 

28th 

43 

Median 

6th 

16th 

24th 

40 

6th  trial),  while  the  last  entrance  into  the  latter  occnirred  between 
the  18th  and  19th  trials  (median,  16th  trial).  For  no  rat  did 
the  last  entrance  into  the  electric-shock  compartment  occur 
after  the  14th  trial.  The  majority  of  the  rats  eliminated  this 
compartment  before  the  10th  trial.  On  the  other  hand,  in  rats 
1  and  5  the  tendency  to  enter  the  confinement  compartment 
did  not  entirely  disappear  until  after  the  49th  and  43d  trials, 
respectively. 

2.  On  the  whole,  the  confinement  compartment  was  eliminated 
sooner  than  the  long-path  compartment.  On  the  average  the 
last  entrance  into  the  long  path  compartment  occurred  between 
the  28th  and  the  29th  trials  (median,  24th  trial).    In  rat  1  the 
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tendency  to  enter  this  compartment  did  not  entirely  disappear 
until  after  the  58th  trial.  On  the  other  hand,  the  averaged  last 
entrance  into  the  confinement  compartment  was  the  18th  trial 
(median,  16th  trial). 

While  the  rule  that  the  electric-shock  compartment  is  elimi- 
nated sooner  than  the  confinement  compartment,  and  that  these 
two  compartments  are  eUminated  more  readily  than  the  long-path 
compartment,  holds  good  in  the  four  groups  of  rats  as  a  whole; 
there  are  some  exceptions.  In  rat  6  the  last  entrance  into  the 
electric-shock  compartment  occurred  on  the  8th  trial,  while  the 
confinement  compartment  was  dropped  out  two  trials  earlier. 
Rat  8  did  not  eliminate  the  electric-shock  compartment  until  the 
11th  trial,  but  on  the  9th  trial  he  made  his  last  entrance  into 
the  confinement  compartment,  and  on  the  10th  trial  his  last  en- 
trance into  the  long-path  compartment.  The  last  entrance  into 
the  electric-shock  compartment  and  into  the  long-path  compart- 
ment occurred  on  the  same  trial  (6th)  for  rat  9,  but  this  rat  had 
ceased  to  enter  the  confinement  compartment  after  the  first  trial. 
In  rat  13,  the  entrance  into  the  confinement  compartment  and  long 
path  compartment  were  eliminated  simultaneously  on  the  16th 
trial.  The  deviation  of  the  results  of  these  four  rats  from  the 
rule  foimd  for  the  experiment  as  a  whole  can  be  easily  explained. 
We  note  that  rats  6,  8,  9,  and  13,  are  the  quickest  learners  among 
the  thirteen.  Rat  9  masters  the  maze  in  21  trials;  Rats  6 
and  8  in  25  trials,  and  rat  13  in  31  trials.  This  necessarily  im- 
plies an  earlier  elimination  of  the  long  path  compartment  by 
these  rats  than  that  by  others,  although  not  necessarily  an  earlier 
elimination  of  the  electric  shock  and  confinement  compartments. 
Table  I  shows  that  in  every  case  the  trial  on  which  the  entrance 
by  these  exceptional  rats  into  the  long  path  compartment  last 
occurred  is  far  below  the  median  trial  of  the  last  entrance  into 
this  compartment  for  the  group  as  a  whole,  and  this  is  also  true 
of  their  last  entrance  into  the  confinement  compartment,  with 
the  exception  of  Rat  13,  whose  last  entrance  into  the  confine- 
ment compartment  occurred  on  the  median  trial  (16th  trial) 
On  the  other  hand,  it  will  be  noted  that  the  rate  of  the  elimination 
of  the  electric  shock  compartment  was  not  accelerated  by  these 
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rats.  The  earlier  elimination  of  the  confinement  compartment 
and  especially  of  the  long  path  compartment  by  these  rats  tends 
to  distort  the  order  of  the  elimination  of  the  three  compartments 
commonly  found  in  other  rats. 

S.  AU  but  two  of  the  thirteen  rats  (10  and  12)  finally  chose  the 
short  path  compartment  {see  table  1).  And  in  many  cases  the  shift- 
ing  from  the  long  path  compartment  to  the  short  path  compartment 
came  about  suddenly  and  in  spite  of  frequency.  After  entering 
these  two  compartments  alternately  for  a  nimiber  of  trials  a 
rat  might  suddenly  cease  going  to  the  long  path  compartment 
entirely  and  persevere  in  entering  the  short  path  compartment. 
The  suddenness  of  the  shifting  from  the  long  path  compartment 
to  the  short  path  compartment  is  especially  marked  in  rats 
5,  6,  8,  and  9.  And  the  occurrence  of  the  shift  in  spite  of  a 
greater  accimiulated  frequency  for  the  long  path  compartment  is 
especially  notable  in  rats  2,  4,  5,  7,  and  9.  In  rats  6,  8,  and 
11  the  munber  of  times  of  entrance  into  both  compartments 
was  equal  when  they  began  to  cease  entering  the  long  path 
compartment. 

4.  Two  rats  {10  and  12)  never  made  the  shift  from  the  long 
path  compartment  to  the  short  path  compartment.  Rat  10  never 
went  to  the  short  path  compartment  after  the  fourth  trial 
while  rat  12  never  went  to  it  after  the  first  trial.  The  number 
of  trials  in  these  two  rats  was  extended  to  40  (see  table  1),  but 
there  was  no  indication  that  they  would  chance  to  enter  the 
short  path  compartment  since  the  habit  of  going  to  the  long  path 
compartment  seemed  to  be  fixed.  Such  cases  must  not,  however, 
be  interpreted  as  altogether  of  the  nature  of  a  failure  on  the 
part  of  these  rats.  The  records  of  the  other  rats  indicate  that 
they  tended  to  enter  both  the  short  path  compartment  and  the 
long  path  compartment  alternately,  for  some  time,  after  which 
they  eventually  chose  the  former  and  discarded  the  latter.  But 
since  rat  12  never  entered  the  short  path  compartment  after  the 
first  trial,  and  rat  10  never  after  the  fourth  trial,  in  their  case 
there  was  little  opportunity  for  this  shift. 

We  may  now  present  a  more  detailed  analysis  of  the  fre- 
quencies of  the  different  compartments  and  the  shift  from 
compartment  to  compartment. 
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Table  3  shows  the  total  number  of  the  entrances  by  thirteen 
rats  into  each  of  the  four  compartments  in  each  trial  period. 
The  first  twenty  trials  are  divided  into  four  trial  periods,  thus 
making  five  trials  to  a  period;  the  next  twenty  trials  (from  the 
21st  to  the  40th  trial)  are  divided  into  two  periods^  (ten  trials 
in  each  period)  and  from  the  41st  trial  up  all  trials  are  grouped 
in  one  trial  period. 

Considering  the  results  for  each  compartment  individually 
and  in  comparison  with  the  others  the  following  points  appear: 


TABLES 


TKIAL  PUUOXM 

1-6 

&-10 

11-15 

16-20 

21^ 

31-40 

41  up 

Entrances  into  the  E.  S. 
compartment 

34 
18 
34 
31 

15 
15 
38 
27 

4 
16 
31 
34 

0 

6 

26 

39 

0 

4 

67 

55 

0 

2 

41 

44 

0 

Entrances  into  the  C.  F. 
compartment 

.3 

Entrances  into  the  L.  P. 
oomi>artment 

19 

Entrances  into  the  S.  P. 
compartment 

86 

Total 

117 

05 

85 

71 

116 

87 

106 

a.  The  electric  shock  compartment 

The  total  number  of  entrances  by  the  13  rats  into  the  electric 
shock  compartment  in  the  first  trial  period  is  equal  to  their  total 
nmnber  of  entrances  into  the  long  path  compartment,  but  greater 
than  their  total  number  of  entrances  into  the  confinement  com- 
partment or  into  the  short  path  compartment.  But  in  the 
second  trial  period  their  total  number  of  entrances  into  this 
compartment  is  greatly  decreased.  In  the  third  period  (from 
trial  11th  to  trial  15th)  the  total  number  of  entrances  into  this 
compartment  is  still  further  decreased.*  The  number  of  en- 
trances into  the  compartment  in  the  fourth  period  is  nil,  and  no 
recurrence  of  entrance  into  it  took  place  thereafter. 

*  The  individual  record  not  presented  here  shows  that  ten  rats  never  entered 
it  in  this  trial  period. 
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6,  The  confinement  compartment 

The  total  number  of  entrances  by  all  rats  into  the  confinement 
compartment  in  the  first  trial  period  is  smaller  than  their  total 
nmnber  of  entrances  into  any  other  compartment  in  the  same 
period.  In  the  second  period  the  total  number  of  entrances 
by  all  rats  into  the  confinement  compartment  is  slightly  decreased ; 
in  the  third  period  the  total  number  is  a  little  greater  than  that 
in  the  second  period.  From  the  fourth  period  on  the  total  num- 
ber is  gradually  decreased.  Seven  rats  eliminated  the  compart- 
ment after  the  third  period;  and  twelve  after  the  fifth  period. 

It  is  interesting  to  note  that  the  tendency  to  enter  the  electric 
shock  compartment  disappears  not  only  very  early  but  very 
suddenly^  whereas  the  tendency  to  enter  the  confinement  com- 
partment dies  out  rather  gradually  and  slowly.  Furthermore, 
the  individual  record  shows  that  the  entrance  into  the  former 
never  recurs  after  the  tendency  has  been  inhibited^  whereas  in 
some  rats  the  tendency  to  enter  the  latter  may  occasionally 
recur  after  a  period  of  disappearance. 

c.  The  long  paih  compartment 

The  total  number  of  entrances  by  all  rats  into  the  long  path 
compartment  is  greater  than  that  of  entrances  into  the  short 
path  compartment  in  the  first  trial  period.  From  the  second 
period  to  the  sixth  period  the  situation  is  rather  fluctuating. 
The  total  number  of  entrances  into  the  long  path  compartment 
may  be  increased  in  one  period  and  decreased  in  another;  the 
number  of  entrances  into  the  compartment  by  all  the  rats  is 
greater  in  the  second  and  fifth  periods  but  smaller  in  the  third, 
fourth,  and  sixth  periods  than  the  number  of  entrances  into  the 
short  path  compartment.  In  the  last  period  the  total  number 
of  entrances  by  all  rats  into  the  long  path  compartment  is  greatly 
decreased,  while  that  of  entrance  into  the  short  path  compart- 
ment is  greatly  increased.  This  is  due  to  the  fact  that  all  rats 
had  chosai  the  latter  compartment  during  this  period. 

We  conclude  that  frequency  and  recency  as  such  have  very 
little  to  do  with  the  matter  of  elimination  in  this  experiment. 
This  can  be  easily  seen  from  table  1. 
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THEORIES  OF  LEARNING    IN    ANIMALS 

The  results  of  our  study  immediately  raise  the  mooted  ques- 
tion in  animal  behavior;  namely,  *'Why  an  animal  learns,  or 
why  the  so-called  unsuccessful  acts  are  rejected  and  the  success- 
ful ones  are  selected;  or,  to  put  it  more  specifically,  why  ill- 
adaptive  acts  are  eliminated  sooner  than  the  excessive  ones, 
and  why  the  excessive  acts  may  not  always  be  eliminated? 
Before  we  state  our  own  point  of  view  with  regard  to  this  ques- 
tion we  shall  make  a  critical  examination  of  the  theories  that 
have  been  suggested  by  various  writers  for  the  explanation  of 
learning  in  animals. 

The  pleasure-pain  theory  is  perhaps  the  oldest.  There  is 
little  need  for  any  outline  of  the  theory  here.  The  opponents  of 
the  theory  have  charged  its  advocates  with  being  subjectivistic 
and  interactionistic.  The  charge  is  so  far  well  grounded;  indeed 
many  of  the  exponents  of  the  pleasure-pain  theory  have  been 
committed  to  a  mentalization  of  animal  behavior. 

The  fact  that  a  painful  stimulus  tends  to  cause  avoidance 
and  a  pleasurable  stimulus  tends  to  encourage  approaching, 
I  think  no  one  will  deny.  But  the  pleasure-pain  theory  does 
no  more  than  state  this  empirical  fact.  It  does  not  tell  us  why 
the  pleasureable  acts  are  selected  and  the  impleasurable  ones 
rejected.  In  other  words,  the  theory  is  simply  a  restatement 
of  the  problem  rather  than  a  solution  of  it.  Furthermore,  as 
Carr«  and  others  have  pointed  out,  not  all  rejected  acts  are  un- 
pleasant, neither  are  all  selected  acts  pleasant. 

Primarily  in  order  to  avoid  the  interactionist  implications  of 
the  pleasure-pain  theory,  Hobhouse*  suggests  the  theory  of 
confirmation  and  inhibition  for  explaining  animal  learning.  Re- 
viewing this  theory  Holmes  says  "It  is  essentially  a  theory  of 
how  behavior  comes  to  be  adaptively  modified  through  the  forma- 
tion of  association.  It  makes  no  attempt  to  explain  why  pleasure 
is  associated  with  certain  experiences  and  pain  with  others."* 

*  Principles  of  Selection  in  Animal  Learning,  Psychol.  Rev.,  xxi,  169.    1914. 
^Mind  in  Evolution,  1915. 

*  Studies  in  Animal  Behavior,  1916,  pp.  134-135. 
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Holmes  here  seems  to  have  clearly  pointed  out  that  what  we 
need  to  explain  is  the  question  ''why  certain  responses  tend  to 
be  repeated  and  others  tend  to  be  inhibited."  But  neither  has 
Holmes  been  successful  in  answering  the  question  which  he  has 
well  raised  in  his  criticism  of  Hobhouse's  theory.  According 
to  him,  "A  response  which  results  in  setting  into  action  a  strong 
instinctive  proclivity  is  reenforced  or  inhibited,  as  the  case  may 
be,  according  to  its  congruity  or  incongruity  with  the  proclivity 
thus  aroused."* 

Nothing  is  gained  by  Holmes'  theory  except  that  he  substi- 
tutes a  pair  of  terms  ''congruous"  and  "incongruous"  for  "suc- 
cessful" and  "unsuccessful."  He  here  also  falls  back  to  the  mere 
description  of  the  nature  of  the  rejected  acts  and  selected  acts. 
Acts  are  selected  or  rejected  because  they  are  "congruous" 
or  "incongruous."  But  why  are  congruous  acts  selected  and 
incongruous  ones  rejected?  To  this  question  Holmes  gives 
us  no  answer.  He  has  attempted  to  explain  the  selective  agency 
in  animal  learning  but  he  got  nowhere!  Moreover,  just  as 
not  all  selected  acts  are  pleasant  and  not  all  rejected  acts  are 
unpleasant,  so  not  all  the  former  are  congruous  and  not  all  the 
latter  incongruous;  many  trivial  or  superfluous  acts  that  are 
neither  congruous  nor  incongruous  may  be  selected  or  rejected. 

J.  Peterson  proposes  the  principle  of  'completeness  of  re- 
sponse' as  an  explanation  of  learning.^  "In  the  case  of  the  maze 
problem  the  animal  on  entering  sl  cvl  de  saCy  or  any  other  path 
in  fact,  responds  at  first  more  or  less  incompletely  because  all 
the  subordinate  activities  cannot  take  place  at  once.  If  the 
animal's  progress  is  soon  checked  in  a  blind  alley  the  animal  is 
not  seriously  nonplussed.  Certain  elements  of  the  general  response 
are  tending  to  drain  into  other  alleys  that  recently  have  been 
passed,  thus  partially  dividing  the  animal's  activity.  These 
elements  now  prevail  when  the  others  are  checked.  Let  us 
suppose  that  the  correct  path  A  has  just  been  passed  when  the 
animal  suddenly  comes  to  the  end  of  the  cul  de  sac  B.  The 
tendencies  to  respond  to  A  are  still  surviving  and  now  direct 

•  Op.  cit.,  pp.  148-149. 

'  Completeness  of  Response,  etc.,  Psychol.  Rev.,  xxiii,  153-162.    1919. 
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the  impeded  activity  into  this  the  successful  path.  If^  on  the 
other  hand,  the  correct  path  had  been  chosen  the  first  time  the 
distracting  impulses  toward  B  would  have  become  fainter  and 
fainter  as  the  animal  proceeded  into  A  and  would  finally  fade 
away."* 

Peterson's  theory  has  several  difficulties.  In  the  first  place, 
is  it  necessary  that  the  impulses  toward  the  correct  path  A  should 
be  actually  present  when  the  animal  enters  the  blind  alley  B 
or  vice  versa?  I  think  it  is  highly  probable  that  in  many  in- 
stances the  animal  would  go  straight  ahead  to  one  path  without 
the  presence  of  some  antagonistic  tendencies  which  tend  to  drain 
into  other  paths.  Secondly,  why  is  it  that  when  the  animal 
enters  the  correct  path  A  the  first  time  the  tendencies  to  go  to 
the  blind  alley  B  become  fainter  and  fainter  and  would  finally 
die  out,  whereas  the  tendency  to  go  to  the  correct  path  A  still 
persists  even  when  the  animal  begins  by  choosing  the  blind  alley 
B?  This  is  a  very  crucial  point  which  Peterson  does  not  ex- 
plaiQ.  Third,  if  the  animal  turns  back  to  A  after  he  comes  out 
of  B  because  the  tendencies  toward  A  were  already  present  and 
still  persist  during  his  entrance  into  B,  rather  than  because  these 
tendencies  are  aroused  by  the  new  sensory  situation  which 
results  from  the  very  act  of  the  entrance  into  B,  it  will  be  difficult 
to  imderstand  "how,  on  the  grounds  alleged  the  tendencies 
along  the  true  path,  which  were  not  strong  enough  to  keep  the 
animal  from  entering  the  blind  alley,  could  gain  sufficient  strength, 
once  the  animal  had  been  in  and  come  out  of  the  blind  alley, 
to  prevent  its  reentering  it."*  And,  finally,  if  completeness 
of  response  per  se  is  responsible  for  selection  and  elimination, 
we  should  have  no  right  to  expect  the  animal  to  prefer  a  short 
path  to  a  longer  one — ^which  is  a  fact  which  tas  been  confirmed 
by  the  writer  in  the  experiment  reported  in  this  paper  and  also 
by  De  Camp."  Surely  the  tendency  to  go  through  a  long 
path  is  at  least  as  completely  expressed  or  performed,  as  far  as 

•  Psychol.  Rev.,  Op.  cit.,  pp.  165-166 

*  R.  T.  Wiltbank,  The  Principles  of  Series  and  Completeness  of  Response  as 
Applied  to  Learning.    Psychol.  Rev.,  xxvi,  281, 1919. 

"  Psychobiology,  ii,  246-264.    1920. 
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the  discharge  of  nervous  energy  is  concerned,  as  is  the  tendency 
to  go  through  the  short  path. 

In  contrast  to  the  above  views  there  is  a  second  t3T)e  of  theory 
for  the  explanation  of  learning  offered  by  another  group  of 
students  in  animal  behavior.  This  new  type  of  explanation  is 
based  upon  the  prinicple  of  the  conditioned  reflex.  But  this 
principle,  as  other  views  stated  above,  is  a  description  rather  than 
an  explanation  of  learning. 

Let  us  turn  now  to  another  theory,  that  of  Watson.  Watson 
would  have  us  believe  that  frequency  and  recency  are  the  chief 
factors  in  selection  and  elimination  in  animal  learning.  As 
is  well  known,  his  chief  argument  is  based  upon  the  law  of  chance. 
He  contends  that  simply  as  a  matter  of  chance  and  the  mechanics 
of  the  situation  at  the  beginning  of  any  new  trial  the  successful 
act  is  the  most  recent  act  and  has  occurred  the  most  frequently. 
Our  own  experimental  data,  however,  do  not  seem  to  support 
this  contention.  Many  rats  learned  to  select  a  correct  path 
not  only  not  because  of  recency  or  frequency,  or  both,  but  in 
spite  of  them.  As  has  been  pointed  out,  recency  has  very  little 
to  do  with  the  elimination  of  errors  in  the  experiment  reported 
in  this  paper.  The  findings  of  our  experiment  are  sufficient 
to  refute  Watson's  theory;  we  need  not  point  to  the  empirical 
fallacy  of  his  application  of  the  mathematical  law  of  probability 
to  which  he  has  conmiitted  himself." 

Carr  would  add  to  the  principles  of  frequency  and  recency  the 
principle  of  sensory  intensity.^*  The  same  criticism  which  was 
raised  against  the  views  of  Hobhouse,  Holmes  and  Peterson 
may  be  applied  to  Carr's  theory  of  sensory  intensity;  that  is, 
he  merely  describes  in  his  own  fashion  the  nature  of  the  successful 
and  unsuccessful  acts. 

While  the  pleasure-pain  theory,  the  theories  of  confirmation 
and  inhibition,  of  congruousness  and  incongruousness,  and  of 
completeness  of  response,  of  conditioned  reflex  and  of  sensory  in- 
tensity have  described  more  or  less  adequately  the  nature  of  the 

"  See  Daahieira  article,  The  Need  for  Analytic  Study  of  the  Mase  Problem. 
Psychobiology,  ii,  181-186.    1920. 

"  Principles  of  Selection,  etc.,  Op.  cit.,  pp  157-165. 

C01CPA&A.TXTB  PSTCHOLOOT,  TOL.  XI,  NO.  1 


Digitized  by 


Google 


18  ZING  YANG  KUO 

selected  and  rejected  acts,  and  have  explained  rather  nicely  how 
certain  sensory-motor  associations  are  formed,  and  while  the 
principle  of  recency  and  particularly  of  frequency  have  explained 
how  a  habit  is  fixated,  they  have  all  failed  entirely  to  give  an  ade- 
quate account  for  a  selective  agency,  "which  preserves  or  repeats 
certain  activities  and  rejects  others  on  the  basis  of  their  results,"" 
to  use  Holmes's  own  expression  again.  We  do  not  mean  here, 
however,  to  reject  all  these  theories  as  wholly  ungroimded, 
but  rather  to  call  attention  to  the  fact  that  further  analysis  of 
the  situation  should  be  made  so  that  a  more  adequate  account 
for  the  selective  agency  can  be  given  which  will  in  no  way  con- 
tradict any  of  the  above  theories.  Such  an  analysis  will  con- 
sist (1)  of  a  distinction  between  the  fixation  of  habit  and  elimina- 
tion of  errors;  (2)  the  nature  of  the  principal  response  and  its 
relation  to  the  subordinate  acts,  and  (3)  the  determination  and 
control  of  the  principal  response  in  the  laboratory.  Let  us 
first  take  up  the  distinction  between  the  fixation  of  habit  and 
elimination  of  errors. 

1.  By  fixation  of  habit  is  meant  the  becoming  aviomoMc  of 
an  act.  By  elimination  of  errors  we  mean  the  selection  and 
rejection  of  acts.  Acts  may  be  selected  or  rejected  by  the  animal 
at  the  early  period  of  learning  and  yet  they  may  not  at  once 
reach  the  automatic  stage.  It  is  only  after  a  number  of  repeti- 
tions that  they  gradually  become  automatic;  that  is,  fixated. 
That  frequency  is  chiefly  responsible  for  fixation  of  habit  no 
one  will  deny.  But  frequency  per  se  has  very  little  to  do  with 
elimination  of  errors.  Observations  of  the  behavior  of  rats  in 
a  maze  shows  that  in  choosing  a  correct  path  a  second  time  they 
do  not  go  at  it  blindly,  that  is  to  say,  they  do  not  choose  it  as  a 
result  of  mere  previous  frequency.  In  my  experience  after  they 
have  been  disappointed  a  number  of  times  in  getting  food 
by  an  incorrect  compartment,  they  hesitated  to  enter  that  com- 
partment when  they  happened  again  to  go  before  its  door,  and 
after  hesitating  turned  to  the  right  compartment.  Some  of 
them  half  entered  the  wrong  compartment  but  hastily  withdrew 

"  Jour,  of  Compt.  Neurol,  and  Psychol.,  Op.  cit.,  p.  147. 
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and  then  went  inunediately  into  the  right  compartment;  others 
passed  by  the  incorrect  compartment  without  even  paying  any 
attention  to  it.  Such  tentative  non-automatic  seeming  choices 
were  observed  only  during  the  beginning  of  the  experiment; 
they  disappeared  after  a  correct  compartment  had  been  chosen 
and  repeatedly  entered  for  a  niunber  of  trials;  i.e.,  after  fixation 
had  set  in. 

That  'accuracy'  which  is,  of  course,  the  result  of  the  elimina- 
tion of  errors,  is  something  quite  distinct  from  'automaticity' 
which  is  the  result  of  frequency,  has  been  demonstrated  by  Miss 
Vincent's  experiment  on  visual  control  in  rats."  In  this  experi- 
ment she  f oimd  that  at  the  beginning  of  learning,  before  the  rat's 
attention  was  freed,  the  choice  of  a  correct  path  largely  depended 
upon  visual  control,  but  after  the  problem  had  been  learned 
Idneasthetic  fimctions  gradually  took  the  place  of  visual  f imction 
and  the  act  became  automatic.  She  found  also  that  in 
times  of  momentary  distraction  vision  resumed  its  potency 
and  the  result  was  "a  less  perfect  automatism  and  a  slower 
speed."  This  shows  clearly  that  accurate  movement  and  auto- 
maticity  (fixation)  do  not  necessarily  go  together.  So  long  as 
accurate  movement  is  dependent  upon  visual  control  it  indicates 
that  'fixation'  has  not  set  in  or  is  momentarily  disrupted. 

In  the  case  of  human  learning  the  distinction  can  be  more 
readily  seen.  In  the  acquisition  of  a  new  skill  a  person  may, 
through  imitation  or  verbal  instruction,  be  able  at  the  beginning 
of  learning  to  execute  the  performance  as  accurately  as  might  be 
desired.  But  this  can  only  be  accomplished  by  great  effort  of 
attention.  Here  again,  as  in  the  case  of  the  rats  used  in  Miss 
Vincent's  experiment,  visual  control  plays  a  very  important 
part  in  making  correct  movements.  It  is  obvious  that  when 
attention  is  high  or  effort  is  great  the  act  is  not  "fixated"  and 
the  speed  of  the  performance  is  slow.  Automaticity  or  fixation'^ 
of  habit  is  characterized  by  the  decrease  of  effort  or  lessening  of 
attention,  by  the  gain  in  speed,  and  by  the  fact  that  the  act  is 
taken  care  of  more  by  kinaesthetic  and  tactual  fimction  than 

**  Jour,  of  Animal  Behavior,  v,  1-24. 
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by  vision.  Of  course,  such  an  automatic  stage  can  be  reached 
only  after  numerous  repetitions. 

The  distinction  between  fixation  of  habit  and  elimination 
of  errors  might  perhaps  have  been  very  obvious  to  every  one 
were  it  not  for  the  fact  that  Watson  insists  on  making  frequency 
and  accuracy  alone  responsible  for  elimination  in  maze  learning," 
for  in  so  doing  he  obscures  this  distinction.  Since  our  experi- 
mental findings  and  observations  of  the  rats'  behavior  have 
clearly  shown  that  frequency  has  very  little  to  do  with  elimina- 
tion, we  are  obliged  to  draw  such  a  distinction  and  to  seek  for  a 
more  fundamental  factor  which  is  sufficient  to  explain  learning. 
What,  then,  is  this  fundamental  factor?  This  question  leads 
us  to  a  consideration  of  our  second  proposition;  namely,  the 
nature  of  the  principal  response  and  its  relation  to  the  subordinate 
acts. 

2.  The  nature  of  the  principal  response  and  its  relation  to  the 
subordinate  acts  have  recent.y  been  well  discussed  by  a  group 
of  writers  (Perry,"  Tolman,i^  and  Woodworth^®).  Although 
these  writers  differ  from  each  other  in  detail,  the  main  motive 
of  their  attempt  is  essentially  the  same;  namely,  the  desire  to 
allow,  in  a  purely  mechanical  and  objective  way,  for  the  pur- 
posiveness  which  they  would  claim  is  inherent  in  and  fimdamental 
to  learning.  According  to  them  the  selective  agency  is  a  drive** 
(Woodworth),  higher  propensity  (Perry),  or  determining  ad- 
justment (Tolman).  This  drive  sets  the  organism  in  a  state  of 
readiness — ^bodily  attitude  or  motor  set.  ''  Once  aroused  and  not 
immediately  satisfied"  it  acts  as  a  determining  tendency  and 
excites  certain  varieties  of  subordinate  responses  and  inhibits 
others.  The  subordinate  acts  or  preparatory  reactions  are 
"means" — ^reactions,  which  are  excitable  by  the  drive  and  may 
serve  to  bring  about  the  consummation  of  the  end — ^reaction. 
These  subordinate  acts  are  selected  or  rejected  according  to  their 
consequences  with  reference  to  the  consummatory  reaction. 

»  Behavior,  pp.  267-268. 

*•  Docility  and  Purposiveness.    Psychol.  Rev.,  pp.  1-20.    1918. 
"  Instinct  and  Purpose.    Psychol.  Rev.,  pp.  217-234.    l620. 
!•  Dynamic  Psychology.    Columbia  Univ.  Press.    1918. 
1*  I  am  inclined  to  think  that  this  drive  is  acquired  rather  than  inherited.    See 
Jour,  of  Philos.,  xviii,  645-664,  1921. 
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Here  we  seem  to  have  a  somewhat  adequate  view  regarding 
the  selective  agency  in  learning,  a  view  which  has  been  partially 
or  wholly  overlooked  by  all  of  the  other  writers  whose  doctrines 
with  regard  to  the  problem  have  been  discussed  in  the  foregoing 
pages.  This  mechanical  interpretation  of  purpose  does  not^ 
I  think,  necessarily  suppose  any  presence  of  the  ideational 
process  or  any  psychical  elements  in  the  animal.  The  exponents 
of  this  theory,  if  I  mistake  not,  are  willing  rather  to  characterize 
the  "drive"  in  terms  of  muscle  tension,  motor  set,  and  the 
like. 

Unfortunately  these  writers  have  made  no  attempt  to  analyze 
the  experimental  conditions  which  bring  about  and  intensify 
the  determining  tendency  so  as  to  make  it  prepotent  in  the  situa- 
tion. Such  an  analjrsis  is  of  great  import  from  the  standpoint 
of  animal  experimentation,  for  the  success  of  an  experiment  in 
animal  learning  depends  to  a  great  extent  upon  our  ability  to 
control  the  incentive  of  the  animal.  The  reaction  tendencies 
first  evoked  by  the  new  environment  may  be  undesirable  for 
rather  than  helpful  to  learning.  The  food  seeking  trend  is 
most  frequently  looked  to  to  produce  learning.  Yet  it  may  not 
necessarily  dominate  the  situation  at  the  beginning  of  the  ex- 
periment. Curiosity  which  results  in  exploratory  movements; 
fear  which  often  results  in  excitability  or  escape  movements; 
anger  (as  possibly  in  the  case  where  the  cat  is  confined  in  a  box) 
which  results  often  in  violent  reactions  or  escape  movements,  and 
probably  some  other  reaction  tendencies,  are  more  likely  to  be 
prepotent  at  the  beginning  of  an  experiment.  In  fact  in  a  great 
many  rats  the  food  seeking  tendency  is  often  completely  held 
in  abeyance  by  other  reaction  tendencies,  particularly  curiosity 
and  excitability,  during  the  first  few  days  in  the  maze.  In  my 
own  observations  many  rats  were  at  first  too  much  "excited" 
by  the  new  environment  to  care  for  food  even  though  they  had 
not  been  fed  for  twenty-four  hours.  Such  a  state  of  excitement 
often  lasted  for  two  or  three  days — even  longer. 

But  since  these  exciting  tendencies  may  not  be  desirable 
for  experimental  purposes  the  attempt  is  usually  made  to  reduce 
them  to  a  minimal  degree  on  the  one  hand,  and  intensify  the  food 
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seeking  trend  on  the  other.  This  is  attempted  by  the  so-called 
"preliminary."  During  the  preliminary  an  animal  is  put  in  the 
maze  to  make  him  familar  with  it  so  that  curiosity,  fear,  etc., 
will  not  be  aroused  when  the  actual  experiment  is  begun.  Besides, 
during  this  period  of  preliminary  the  attempt  is  made  to  regulate 
the  degree  of  hunger  and  the  animal  is  fed  in  the  maze  (and  no- 
where else)  so  that  it  will  acquire  the  habit  of  seeking  for  food 
when  in  the  maze.  In  experiments  where  there  has  been  no 
preliminary  it  is  doubtful  whether  the  food  seeking  trend  domi- 
nated the  situation  at  the  beginning  of  the  experiment.  In 
Thomdike's  experiment  with  kittens  it  is  clear  that  the  tendency 
to  escape  which  resulted  from  fear  or  anger  was  prepotent  at 
first — or  at  least  mixed  with  hunger — ^and  it  was  only  after  a 
nmnber  of  trials  that  the  former  tendency  gave  way  to  the  latter. 
In  short,  the  purpose  of  the  preliminary  should  be  to  make  the 
animal  adapt  itself  to  any  distracting  stimuli  so  that  reaction 
tendencies  which  will  tend  to  interfere  with  learning  will  not  be 
aroused. 

The  control  of  the  motivating  tendency  for  learning  is  not 
always  successful.  The  animal  may  have  acquired  very  strong 
tendencies  of  curiosity,  fear,  and  the  like,  which  tend  to  dominate 
over  other  trends  and  which  cannot  be  easily  suppressed  by  the 
experimental  conditions.  Animals  of  this  type  may  be  termed 
'indocile,'  meaning  that  they  are  uncontrollable  in  that  the 
desired  tendency  for  learning  cannot  be  strengthened  and  the 
strength  of  the  undesirable  tendencies  cannot  be  minimized. 
This  will  partially  explain  why  some  animals  fail  to  learn  at  all; 
these  animals  are  usually  "indocile."  And  it  will  justify  our 
procedure  of  selecting  subjects  for  the  experiment  reported  in 
the  foregoing  pages  where  many  rats  were  rejected  on  account 
of  their  extreme  excitability.  (See  above,  page  7.)  Failing 
to  learn,  however,  may  sometimes  be  due  to  lack  of  efficiency 
on  the  part  of  the  experimenter  to  control  the  experimental 
conditions  so  as  to  reenforce  the  desired  tendency. 
^  If  such  an  interpretation  is  correct,  we  can  easily  see  why  some 
of  the  rats  learn  more  readily  than  others.  There  are  three 
factors  for  quick  learning;  (1)  controlability  on  the  part  of  the 


Digitized  by 


Google 


THE  NATURE   OF  UNSUCCESSFUL  ACTS  23 

learner,  (2)  readiness  or  plasticity  of  its  nervous  system  to  form 
associations,  and  (3)  skill  on  the  part  of  the  experimenter  in 
manipulating  the  experimental  conditions  which  tend  to  facili* 
tate  on  the  one  hand  the  reaction  tendency  desired  for  learning, 
and  inhibit  the  disturbing  tendencies  on  the  other.  In  our  ex- 
periment where  many  rats  mastered  the  problem  readily  it  may 
be  due  to  the  fact  that  especially  great  care  was  taken  in  select- 
ing subjects,  in  regidating  hunger,  and  in  controlling  other 
sensory  stimuli. 

In  maze  learning  in  addition  to  the  food  seeking  trend  which  we 
utilize  as  the  main  motivating  tendency  in  learning,  we  some- 
times arouse  in  the  animal  the  fear  reaction  tendency,  so  that 
certain  alle3rs  which  require  negative  reaction  will  be  eliminated 
more  readily.  This  is  usually  accomplished  by  electric  shock 
punishment.  In  administering  the  electric  punishment  great 
caution  should  be  taken  against  the  over  arousal  of  the  fear 
response.  In  some  cases,  either  due  to  lack  of  skill  in  ad- 
ministering punishment  or  to  the  excitability  of  the  rat,  the 
fear  response  is  so  aroused  that  the  animal  displays  violent  ac- 
tion or  is  paralyzed  and  refuses  to  work  so  that  the  experiment 
has  to  be  abandoned.  In  such  cases  the  drive  has  been  shifted; 
the  fear  response  becomes  prepotent  and  the  food  seeking  trend 
is  momentarily  suppressed.  There  is  some  justification  for 
those  who  object  to  the  use  of  electric  punishment;  for  unless  it 
is  carefully  managed  it  is  likely  to  result  in  a  shifting  of  the 
drive  which  may  tend  to  interfere  with  learning. 

In  some  experiments,  however,  the  fear  reaction  tendency 
may  be  used  as  the  sole  motive  in  learning.  In  Glaser's  experi- 
ment, quoted  by  Watson,  "where  rats  were  dropped  into  hot 
or  cold  water  and  allowed  to  find  an  entrance,  it  was  shown  that 
the  animal  formed  the  habit  of  turning  correctly  in  the  hot  or 
cold  water  and  finally  reaching  the  exit."*^  In  such  cases  the 
sole  drive  in  learning  was  "the  tendency  to  escape."  Such  a 
tendency  was  so  strong  that  the  animal  was  "driven''  to  face 
an  unpleasant  experience — ^hot  or  cold  water — an  experience 
which  he  would  ordinarily  avoid. 

«•  Op.  cit.,  pp.  256-267. 
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Only  after  the  drive  desired  for  learning  has  been  definitely 
secured  can  we  divide  the  subordinate  acts  into  two  groups; 
namely,  successful  and  imsuccessful  acts.  The  successful  and 
unsuccessful  acts  are  referred  to  only  from  the  standpoint  of 
the  consummatory  reaction;  only  when  an  animal  is  seeking  food 
can  we  call  an  act  which  will  interfere  with  or  prevent  the  animal 
from  getting  food  an  imsuccessful  act.  The  same  subordinate 
acts  may  be  aroused  by  fear,  curiosity,  hunger,  or  other  deter- 
mining tendencies.  But  whether  or  not  they  are  successful 
acts  depends  upon  the  consequences  they  bring  about  with  refer- 
ence to  the  determining  tendency.  All  those  terms  such  as 
correct  or  incorrect  path,  useful  and  useless  movements,  and  a 
host  of  others  of  similar  meaning  that  are  inevitably  employed 
in  animal  experimentation,  refer  to  the  purpose  of  the  experimen- 
tal conditions  which  are  arranged  by  the  experimenter  so  as  to 
create  or  bring  about  a  purposive  reaction  in  the  animal;  other- 
wise they  are  all  meaningless.  Again,  the  nature  of  the  sensory 
consequences  of  an  act  can  only  be  understood  in  the  light  of  the 
determining  tendency.  Carr  says,  "The  blind  check,  thwart, 
and  suppress  activity  more  than  does  the  true  path  while  the 
latter  encourages  and  facilitates  activity  more  than  does  a  blind 
alley."*^  Yet  this  is  true  only  with  reference  to  the  food  seeking 
trend.  If  the  animal  is  well  fed  and  well  familiar  with  the  maze 
the  entrance  into  the  blind  alley  or  a  confinement  compartment 
may  not  produce  such  sensory  consequences  aS  Carr  here  describes; 
indeed  were  he  not  hungry  he  may  lie  down  in  the  blind  alley  or 
in  a  confinement  compartment  and  comfortably  sleep  there. 
And,  furthermore,  all  the  concepts  of  congruousness  or  incon- 
gruousness,  completeness  or  incompleteness,  and  annoyance  or 
satisfaction  of  response  will  have  meaning  only  when  they  are 
interpreted  in  terms  of  the  principal  response.  Our  chief  ob- 
jection to  these  concepts  lies  in  the  fact  that  their  advocates  have 
failed  to  explicitly  or  sufiiciently  refer  them  to  the  purposive 
conditions  of  the  experiment,  or  to  the  determining  tendency 
which  is  produced  by  such  conditions. 

«  Op.  cit.,  p.  162. 
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The  suppressed  tendencies  undesirable  for  learning  may  oc- 
casionally recur.  Their  recurrence  may  be  due  to  momentary 
distraction  by  new  sensory  stimuli  or  by  old  stimuli  to  which 
the  animal  has  not  responded  for  a  period  of  time.  It  may  also 
be  due  to  some  changes  taking  place  in  the  organism  itself,  or 
to  some  other  disturbing  factors  outside  the  maze.  The  re- 
ciurence  of  the  suppressed  tendencies  often  tends  to  momentarily 
discontinue  the  process  of  habit  formation  which  is  being 
gradually  built  up.  Great  effort  should  be  made  to  readjust  the 
experimental  conditions  in  every  possible  way  so  that  the  unde- 
sired  tendencies  will  again  be  put  under  control. 

Let  us,  now,  turn  once  more  to  our  discussion  of  the  distinc- 
tion between  fixation  of  habit  and  elimination  of  errors,  and 
restate  it  in  the  hght  of  our  experimental  results.  We  have 
seen  that  the  drive  or  determining  tendency  which  moves  the 
organism  toward  certain  consummatory  reactions  excites  a 
variety  of  subordinate  responses  and  selects  or  rejects  them  on 
the  basis  of  their  results.  An  important  point  in  this  connection 
which  has  been  brought  out  by  Perry,  and  particularly  em- 
phasized by  Tolman,  is  that  there  is  a  great  deal  of  variability 
among  the  subordinate  responses.  These  different  acts  may 
vary  in  their  sensory  effects  with  reference  to  the  consummatory 
response;  that  is,  some  of  them  may  be  ill-adaptive,  some  ir- 
relevant or  excessive,  others  successful  or  essential,  and,  as 
has  been  pointed  out,  all  ill-adaptive  acts  as  well  as  excessive 
and  essential  acts  vary  greatly  in  degree.  Now,  if  the  differences 
in  the  degrees  of  iU-adaptiveness  and  excessiveness  of  various 
subordinate  acts  are  discernible  to  the  animal,  (we  are  not  here 
assimiing  any  presence  of  consciousness)  it  will,  other  things  being 
equal,  eliminate  these  acts  accordingly;  that  is,  the  ill-adaptive 
acts  will  be  eliminated  sooner  than  the  excessive  ones,  and  the 
more  ill-adaptive  ones  sooner  than  the  less  ill-adaptive  ones, 
and  the  more  essential  ones  are  often  preferred.  Thus,  we  have 
found  in  our  experiment  that  the  electric  shock  compartment  is 
rejected  more  rapidly  than  the  confinement  compartment,  and 
that  these  two  compartments  are  eliminated  sooner  than  the 
long  path  compartment,  and  we  have  confirmed  De  Camp's 
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findings  that  within  certain  limits  rats  often  choose  a  shorter 
path. 

Here  it  is  obvious  that  the  ill-adaptive  acts  tend  to  prevent 
the  organism  from,  or  to  disrupt  the  process  of  its  activity 
toward,  the  consumatory  response,  and  hence  the  muscular 
tension  which  is  set  toward  that  end-reaction  is  not  released  but 
instead  it  is  Ukely  to  be  intensified  by  such  "a  prevention  or  dis- 
ruption. And,  furthermore,  the  electric  shock,  provided  it  does 
not  produce  any  violent  action  or  paralyze  the  animal,  gives 
additional  emotional  reenforcement  which  tends  to  produce  in 
the  rat  a  quicker  avoidance  reaction  (in  such  case,  be  it  remem- 
bered, an  additional  reaction  tendency;  namely,  fear,  is  aroused 
to  cooperate  with  the  main  tendency;  namely,  the  food  seeking 
trend.^'  On  the  other  hand,  the  excessive  act  does  not  produce 
any  such  sensory  consequence,  there  being  no  disruption  of  the 
rat's  activity  or,  in  other  wcfrds,  it  will  eventually  bring  the 
animal  to  the  food  and  hence  releases  the  muscular  tension.  It 
is  these  differences  in  their  consequences  with  reference  to  the 
principal  response  that  accoimt  for  the  order  of  elimination  as 
found  in  our  experiment. 

It  must  be  admitted,  though,  that  the  rule  of  the  order  of 
elimination  of  the  unsuccessful  acts  may  be  applicable  only  to 
such  simple  conditions  as  those  in  our  experiment  under  which  the 
rat  is  made  capable  of  discriminating  the  differences  between 
ill-adaptive  and  excessive  acts.  On  the  other  hand,  if  the 
experimental  conditions  are  so  complicated  as  to  throw  the  animal 
into  confusion,  or  if  the  sensory  effects  of  all  the  unsuccessful 
acts  are  equally  or  nearly  equally  the  same  (for  instance,  the 
same  degree  of  punishment  is  givien  for  every  wrong  choice^ 
or  if  there  is  no  punishment  used  in  the  experiment),  the  rule  may 
be  distorted  and  the  rat  may  eliminate  the  errors  in  a  ran- 
dom order  or  by  some  other  factor  such  as,  for  example, 
recency,   frequency,  etc.    In  the  case  where  no  punishment 

^  The  greater  advantage  of  a  combination  of  the  two  stimuli  has,  of  course, 
been  previously  established  by  Yerkes  and  Dodson.  Of.  Jour.  Comp.  Neurol, 
and  Psychol.,  1908.  xviii,  pp.  57-491. 
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whatever  is  used  for  wrong  choice,*'  recency,  and  more  par- 
ticularly frequency,  may  affect  in  a  negative  way;  that  is,  the 
blind  alley  which  is  entered  most  recently  or  most  frequently 
is  likely  to  be  the  most  difficult  one  to  be  eliminated.** 

Thus  far  we  have  been  discussing  the  process  of  elimination 
of  errors.  Just  one  word  more  concerning  the  fixation  of  habit. 
In  the  early  period  of  learning  the  rejected  acts  may  occasionally 
recur  or  there  may  appear  some  new  acts  and,  moreover,  the 
selected  acts  may  not  at  all  times  occur  in  a  definite  order. 
During  this  period  of  learning  rats  are  more  likely  to  be  distracted 
by  new  sensory  stimuli  than  they  are  during  the  later  period. 
All  this  is  due  to  the  fact  that  the  sensory  motor  associations 
have  not  been  fixed  and  the  separate  successful  acts  have  not 
been  integrated.  Now,  after  a  niunber  of  repetitions,  the  as- 
sociations are  made  more  and  more  firm,  and  the  whole  series  of 
the  successful  acts  become  integrated  into  a  chain  response  and 
they  will  appear  every  time  in  a  more  or  less  definite  and  fixed 
order.  Such  is  the  process  of  fixation;  it  is  essentially  a  process 
of  the  integration  of  the  selected  acts. 

*<  In  such  case  any  unsuccessful  movement  must  be  regarded  as  excessive 
rather  than  ill-adaptive. 

^  Cf.  Behavior,  p.  288  (footnote)  and  also  Peterson,  Learning  when  Recency 
and  Frequency  Factors  are  Negative,  Psychol.  Bui.,  xxviii,  80-18, 1921. 
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HABIT  INTERFERENCE  IN  THE  WHITE  RAT  AND  IN 
HUMAN  SUBJECTS 

WALTER  S.  HUNTER 
The  University  of  Kansas 

INTRODUCTION 

The  first  specific  studies  of  habit  interference  in  animals  below 
man  were  published  in  1917  from  the  psychology  laboratory 
of  the  University  of  Texas  by  Hunter  and  Yarbrough^  (1)  and  by 
Pearce  (2).  These  studies  had  the  merit  of  using  simple  opposite 
responses  in  a  T-shaped  discrimination  box  and  of  using  stimuli 
whose  mutual  physical  and  physiological  relationships  could  be 
approximately  indicated.  The  interference  situation  was  thus 
under  control  in  a  way  impossible  with  the  customary  problem 
boxes  and  mazes.  The  results  of  the  experimentation^  using 
both  sound  and  light  as  stimuli;  may  be  summarized  as  follows: 
(1)  The  formation  of  one  simple  habit  may  seriously  interfere 
with  the  formation  of  a  second  habit.  Where  the  two  habits 
involve  antagonistic  responses  to  phjrsically  different  but  to 
physiologically  equivalent  stimuli,  the  first  habit  may  all  but 
block  the  formation  of  the  second  one.  (2)  The  formation  of 
the  second  habit  does  not  interfere  with  the  retention  of  the 
first  habit.  A  similar  situation  has  been  indicated  for  humans 
by  Bair  and  by  Muensterberg.  It  is  also  involved  in  studies  of 
retroactive  inhibition.  Thirty  days  of  diverse  training  here 
failed  to  influence  the  retention  of  the  first  habit.  (3)  If  in- 
terference be  stated  in  terms  of  a  comparison  of  the  first  part 
of  the  curves  of  the  two  habits,  then  the  interference  may  or 
may  not  reveal  itself  during  the  first  six-tenths  of  learning. 

*  Preliminary  reports  weje  given  by  these  psychologists  and  by  Wylie  at  the 
meeting  of  the  American  Psychological  Association,  December,  1915,  and  pub* 
lished  in  the  Psychological  Bulletin,  1916,  vol.  13,  pp.  78-9. 
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Webb  (3)  in  1917  published  an  important  study  of  transfer 
of  training  and  retroaction  in  rats  and  humans  using  mazes. 
Five  different  maze  patterns  were  used  with  rats  and  three 
types  of  pencil  mazes  with  humans.  Experimental  conditions 
for  the  two  groups  of  subjects  were,  so  far  as  possible,  comparable. 
Webb's  study  dealt  with  the  following  problems :  (1)  the  presence 
or  absence  of  transfer;  (2)  the  dependence  of  transfer  upon  the 
nature  of  the  first  and  of  the  second  problems;  (3)  the  locus  of 
the  transfer  effect  in  the  curves  of  learning;  (4)  the  relationship 
between  performances  in  the  two  classes  of  subjects;  and  (5) 
the  possible  retroactive  effect  of  one  activity  upon  various 
activities  and  vice  versa.  Webb's  study  is  important  not  alone 
because  of  its  factual  contributions,  but  also  because  it  is  the 
first  systematic  study  of  the  problem  with  the  maze. 

The  results  secured  and  the  conclusions  arrived  at  may  be 
briefly  indicated:  (1)  Practically  no  cases  were  found  of  habit 
interference  when  total  time,  errors  and  trials  were  the  criteria 
considered.  This  was  true  although  an  effort  was  made  to 
secure  conditions  in  certain  of  the  mazes  which  would  produce 
negative  transfer.  (2)  The  factors  influencing  the  degree  of 
transfer  were  found  to  be:  a,  the  nature  of  the  first  habit;  6, 
the  nature  of  the  second  habit;  c,  the  degree  of  similarity  between 
the  mazes  (similarity  judged  by  psychologists  and  also  by  the 
difficulty  of  mastery);  and  d,  the  direction  of  transfer.  (3) 
Curves  were  presented  showing  the  average  records  for  the  first 
five  trials  of  each  habit.  The  conclusion  was  drawn  that  the 
transfer  effect  has  its  locus  in  the  first  five  trials  of  the  second 
habit  or,  stated  in  other  terms,  that  the  animal  starts  the  second 
habit  at  the  approximate  level  attained  at  the  fifth  trial  of  the 
first  habit.  (4)  The  laws  and  conditions  of  transfer  were  found 
essentially  identical  for  humans  and  for  rats.  The  greatest  and 
also  the  least  amounts  of  transfer  were  found  id  the  same  maze 
combinations  for  the  two  classes  of  subjects.  An  additional 
fact  of  the  very  greatest  importance  drawn  from  the  experi- 
ments on  retroaction  should  be  listed  here.  The  experimental 
procedure  was  to  have  the  subjects  master  a  given  maze,  work 
thirty  days  on  a  second  maze,  and  then  be  re-tested  on  the  first 
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maze.  Control  groups  were  run  with  a  thirty-day  rest  period 
between  learning  and  releaming.  There  was  no  correlation  he-- 
tween  learning  and  releaming  for  either  rata  or  humans.  This 
was  found  to  be  the  case  in  numerous  experiments  and  can  be 
taken  as  clearly  established — due  consideration  being  given 
to  the  small  number  of  subjects  (5-10)  in  each  set  and  to  the  ex- 
perimental conditions  involved.  Human  subjects  showed  a 
slightly  higher  retention  of  the  first  habit  than  did  rats.  (5) 
Some  evidence  for  a  slight  retroactive  effect  was  found  using 
the  method  just  described.  This  is  at  variance  with  the  results 
secured  by  Hunter  and  Yarbrough  who  secured  negative  results 
with  auditory  habits  using  a  thirty  day  interval. 

In  1919  Wyhe  (4)  published  a  study  of  the  transfer  of  response 
in  the  white  rat  which,  like,  the  studies  of  Hunter,  Yarbrough 
and  Pearce,  emphasized  the  control  of  the  sensory  and  motor 
sides  of  the  tj^es  of  behavior  involved.  Wylie  trained  rats  to 
avoid  either  a  visual,  an  auditory,  or  a  painful  stimulus.  After 
this  habit  was  set  up  for  the  given  stimulus,  one  of  the  other  of 
the  three  was  substituted  and  the  habit  of  avoiding  it  was  es- 
tablished. The  data  so  secured  made  it  possible  to  compare 
the  readiness  with  which  a  certain  response  was  set  up  to 
a  given  stimulus  with  or  without  previous  training  on  a 
different  stimulus.  Wylie  says  (p.  63):  ''It  again  stands  out 
clearly  that  it  is  an  advantage  in  learning  one  sort  of  stimulus 
to  have  first  learned  the  same  response  to  another  sort  of  stimu- 
lus.^' Again  he  says  (p.  64)  ''that  even  in  some  situations  the 
learning  process  for  one  sort  -of  domiuant  stimulus  is  actually 
reduced  in  length  so  much  by  first  introducing  another  domiaant 
stimulus,  that  the  time  and  effort  for  both  is  less  than  for  the 
one  alone."  The  amount  of  transfer  was  hidicated  by  the 
amoimt  of  saving  in  the  total  number  of  trials  required  for  learn- 
ing under  the  various  conditions.  When  the  end  of  the  curve 
for  one  habit  was  compared  with  the  beginning  of  the  curve  for 
the  following  habit,  negative  transfer  or  interference  was  evident. 

Hunter  (5)  in  1918  repeated  Wylie's  experiment  in  which 
stimuli  from  other  senses  were  substituted  for  the  accustomed 
stimulus  and  the  response  left  constant.    A  T-shaped  discrim- 
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ination  box  was  used.  Rats  that  had  formed  the  habit  of  turn- 
ing to  the  right  for  a  piston-whistle  sound  and  to  the  left  for 
silence,  failed  to  substitute  a  tuning  fork  sound  for  that  of  the 
whistle.  However,  when  a  light  was  substituted  for  the  whistle 
the  transfer  was  promptly  made  and  the  same  response  given 
to  the  hght  that  had  been  given  to  the  one  sound.  No  transfer 
was  made  (within  the  limits  of  training  used)  when  the  rough 
tactual  stimulation  of  sandpaper  was  substituted  for  the  sound  of 
the  whistle. 

Wiltbank  (6),  1919,  continues  and  corroborates  parts  of  Webb's 
work.  Five  groups  of  rats  (8-10  per  group)  were  tested  upon 
five  mazes  in  order  to  throw  light  upon  the  following  problems: 
What  is  the  effect  upon  the  learning  of  a  given  maze  of  the  pre- 
vious learning  of  another  maze?  Does  the  effect  persist  and  is 
it  cumulative  through  a  series  of  mazes?  What  is  the  effect 
when  one  or  the  other  maze  is  incompletely  learned?  What 
is  the  effect  upon  releaming  of  having  mastered  four  interven- 
ing mazes?  The  results  secured  show:  A  positive  transfer  from 
one  maze  to  another  in  both  time  and  errors  and  in  trials  with  the 
exception  of  two  cases  of  negative  transfer,  or  interference,  when 
measured  by  the  latter  criterion.  (No  comparison  of  the  curves 
is  made  to  indicate  the  locus  of  the  transfer.)  This  positive 
transfer  was  not  due  to  a  gain  in  such  identical  quadrants  of  the 
maze  as  were  present.  There  is  no  evidence  to  indicate  that  the 
amount  of  transfer  tends  to  be  greater  from  the  more  to  the  less 
diOicult  maze.  The  transfer,  save  in  two  cases,  was  not  only 
positive  but  persistent,  although  it  was  not  cumulative  and  did 
not  increase  with  the  increase  in  the  number  of  mazes  learned. 
The  transfer  effect  between  two  mazes  when  the  first  is  but  par- 
tially learned  may  be  detected  by  the  criterion  of  time  when 
but  two  trials  have  been  given  in  the  first  maze.  The  criteria 
of  trials  and  errors  were  not  so  sensitive.  When  a  maze  is  re- 
tested  after  an  interval  during  which  four  mazes  were  mastered, 
a  saving  rarely  appeared.  No  data  were  available  to  indicate 
whether  the  lack  of  saving  was  due  to  interference  or  to  disuse. 
Correlations  were  made  between  savings  in  time,  errors,  and 
trials.    Trials  and  errors   gave  the  highest  coefficients   (0.70 
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to  1.00).  Trials  and  time  and  errors  and  time  gave  coefficients 
ranging  from  —0.40  to  0.80.  The  particular  data  correlated  are 
inadequately  described  and  no  emphasis  was  placed  upon  the 
results.    I  have  been  unable  to  understand  them  clearly. 

Brockbank  (7)^  writing  in  1919,  presents  data  upon  habit 
interference  in  the  rat.  Animals  who  had  mastered  the  circular 
maze  did  not  have  their  retention  decreased  after  a  period  of 
thirty  days  by  being  trained  during  that  period  upon  a  rope- 
ladder  problem.  (This  is  at  variance  with  data  secured  by 
Webb  and  summarized  above.)  Brockbank  also  presents  data 
indicating  that  training  on  such  diverse  problems  as  the  saw- 
dust box  and  a  rope-ladder  problem  will  improve  the  ability  to 
acquire  the  maze  habit. 

The  net  result  of  the  above  researches  may  be  simunarized 
as  follows: 

1.  Both  positive  and  negative  transfer  between  habits  have 
been  demonstrated  under  conditions  and  upon  animals  where  the 
possibility  of  the  reflective  consideration  of  the  problem  by  the 
subject  is  out  of  the  question. 

2.  The  retention  of  one  habit^may  be  quite  imaffected  by  the 
mastery  of  a  second  habit  whose  learning,  however,  was  interfered 
with  by  the  former. 

3.  It  has  been  found  that  the  result  secured  varies  accordingly 
as  time,  errors  or  trials  is  used  as  the  criterion  of  learning.  (Dis- 
tance records  have  not  been  taken.*) 

4.  The  question  of  the  effect  upon  the  second  habit  of  vary- 
ing amounts  of  practise  on  the  first  habit  has  been  raised. 

5.  The  problem  of  the  graphic  representation  of  the  locus  of 
the  positive  or  negative  transfer  ha^  been  carried  farther  than 

*  Which  of  these  criteria  is  the  best  is  not  adequately  considered  in  the  above 
papers,  although  the  question  cannot  be  put  aside  as  irrelevant.  The  use  of  errors 
has  always  been  severely  criticised.  The  number  of  trials  as  a  criterion  of  the 
amount  of  effort  put  forth  may  also  be  a  serious  mistake  inasmuch  as  a  trial  is  an 
arbitrary  division  made  on  the  basis  of  one  performance  of  the  final  correct 
response,  such  as  entering  the  food-box.  The  problem  of  the  adequate  criteria 
of  learning  was  not  the  problem  of  the  above  papers  and  is  not  the  problem  of  the 
present  one,  and  yet  it  is  involved  in  all  studies  of  learning. 
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in  the  incidental  studies  made  prior  to  those  that  we  have 
summarized. 

6.  Evidences  of  retroaction  have  been  found  in  maze  studies 
by  some  investigators  but  not  by  others.  No  evidences  have 
been  found  with  auditory  habits. 

7.  Humans  and  rats  have  given  essentially  the  same  results 
in  transfer  tests  in  the  maze.  A  lack  of  correlation  for  both 
classes  of  subjects  has  been  found  between  learning  a  maze  and 
releaming  after  a  thirty-day  interval  during  which  practise  has 
been  had  upon  various  activities  by  certain  groups  and  rest  has 
been  given  other  groups. 

PROBLEMS  OF  THE  PRESENT  STUDY 

The  initial  purpose  of  the  present  study  was  to  plot  a  curve 
for  habit  interference.  Pearce  (2)  had  shown  that  the  formation 
of  one  visual  habit  may  interfere  greatly  with  the  formation  of 
the  opposite  habit.  Consequently  if  the  number  of  trials  re- 
quired to  learn  the  second  habit  is  taken  as  the  first  ordinate 
value  on  the  curve,  then  subsequent  ordinate  values  will  indicate 
the  number  of  trials  required  to  master  the  second  habit  when 
the  first  habit  has  been  partially  learned  through  the  practise 
involved  in  20, 30, 100  or  more  trials  (represented  on  the  abscissa). 
No  noteworthy  success  has  attended  this  problem  although  it  has 
been  possible  to  indicate  three  points  on  such  a  curve.  The 
points  chosen  were  the  two  terminal  ones  and  that  for  100  trials 
on  habit  no.  1. 

A  second  main  problem  was  formulated  shortly  after  experi- 
mental work  had  begun.  This  was  to  secure  data  by  correla- 
tion methods  from  various  types  of  interfering  habits  indicating 
the  relationship  between  the  ability  displayed  in  mastering  one 
habit  and  the  ability  displayed  in  breaking  that  habit  by  forming 
an  antagonistic  one. 

The  data  that  follow  throw  light  also  upon  certain  other  as- 
pects of  habit  interference,  noteworthy  among  which  is  the  locus 
of  the  interference  or  transfer  effects  as  shown  by  the  curves  of 
learning. 
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INTERFERENCE  BETWEEN  VISUAL  HABITS 

Two  chief  problems  were  attacked  through  the  study  of 
visual  habits  as  indicated  in  the  preceding  section.  One  of  these 
concerned  the  relationship  between  the  ability  to  acquire  a 
habit  and  the  ability  to  break  that  habit  by  acquiring  an  antagon- 
istic response  to  the  same  stimulus.  The  other  problem  con- 
cerned the  relationship  between  varying  amounts  of  training 
upon  habit  no.  1  and  the  number  of  trials  required  for  the  mastery 
of  habit  no.  2.  It  is  this  latter  problem  that  should  furnish  the 
data  for  a  curve  of  habit  interference. 

The  apparatus  used  for  both  problems  was  a  T-shaped  dis- 
crimination box  of  the  same  design  as  that  employed  by  Hunter, 
Yarbrough  and  Pearce.  The  only  essential  difference  between 
the  present  experimental  conditions  and  those  used  by  Pearce 
lay  in  the  nature  of  the  stimuli  employed.  She  used  light  in- 
tensities that  were  physically  different  but  physiologically  equiva- 
lent, while  I  have  used  stimuli  identical  physically  and  have 
required  the  animals  to  build  up  opposite  responses  to  the  same 
stimulus. 

The  rats  employed  as  subjects  were  first  fed  on  the  experiment 
table  for  three  days  and  then  for  each  of  the  next  two  days 
were  given  one  trial  through  the  box  without  hght  or  punishment. 
The  regular  trials  began  on  the  sixth  day  using  punishment  and 
reward.  Ten  trials  were  given  daily.  For  habit  no.  1,  the  ani- 
mals were  reqidred  to  run  through  the  right  side  of  the  box 
when  the  light  was  presented  and  throu^  the  left  side  for 
darkness.  Training  was  continued  until  the  average  for  two 
successive  days  was  95  per  cent  correct.  A  control  was  then 
introduced  using  neither  light  nor  punishment  in  order  to  be 
certain  that  light  was  the  essential  cue  for  the  response.  The  for- 
mation of  habit  no.  2  was  then  begun.  In  this  practise,  the  direc- 
tions of  the  responses  were  reversed,  i.e.,  the  rats  were  forced 
through  the  left  side  of  the  box  for  the  hght  and  through  the 
right  side  in  response  to  the  absence  of  light.  The  only  records 
kept  were  of  the  correctness  or  incorrectness  of  the  response  and 
of  the  niunber  of  trials  required.    The  times  involved  were 
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regarded  as  too  short  to  allow  of  sigmficant  measure.,  (Time 
was  taken,  however,  in  the  unit  maze  and  will  be  treated  in  the 
section  below  dealing  with  that  topic.) 

The  method  just  described  gave  data  on  such  "total"  in- 
terference as  might  be  present  between  the  complete  mastery 
of  the  one  visual  habit  and  the  subsequent  complete  mastery 
of  the  second  habit.  16  rats  were  used,  each  thirty  days  old  when 
training  began. 

Figure  1  presents  the  distributions  for  both  habits  in  terms 
of  total  trials  required  prior  to  completed  learning.  The  average 
for  the  first  habit  is  286  trs.,  P.  E.  68.12,  and  for  the  second 


J3_ 


ITTT 


A 


tn. 


n  n 

-D n  n  n H  n  n  m  nm  , ,  cl 

iS  f  S^  U»  1»  tM 


XJ 


A. 
C 

D nnn  rm  -p 

MO  m  t»  i»         til 

Fio.  1.  A,  the  distribution  for  visual  habit  no.  1  where  the  subjects  are  un- 
trained. Bf  the  distribution  for  visual  habit  no.  2  after  the  subjects  have  mas- 
tered habit  no.  1.  C,  the  distribution  for  habit  no.  2  after  the  subjects  have 
had  100  trs.  on  habit  no.  1.    Each  square  represents  one  subject. 

habit,  603  trs.,  P.  E.  103.1.  The  diflFerence  between  the  averages 
is  317  trs.,  while  the  P.  E.  of  the  diflFerence  is  33.52  trs.,  or  about 
one-tenth.  The  foot-rule  correlation  between  the  ranks  in  the 
two  habits  is  0.13  ±  0.107,  which  transformed  by  table  into 
the  Pearson  r  is  0.226. 

On  the  basis  of  these  facts  we  can  say  that  the  learning  of 
habit  no.  1  has  interfered  markedly  with  the  learning  of  habit 
no.  2.  In  this  particular  case  the  animals  required  on  the  average 
twice  as  many  trials  to  break  the  habit  (i.e.,  to  form  habit  no. 
2,  and  I  assume  that  habits  can  only  be  "broken"  through 
the  factors  of  disuse  and  the  active  competition  of  other  habits) 
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as  they  did  to  form  it.  The  data  fail  to  show  any  significant 
relationship  between  the  individual  rat's  performance  in  the  two 
habits.  There  is  furthermore  a  greater  variability  of  perfonn- 
ance  in  the  second  than  in  the  first  habit  (see  fig.  3  also). 

The  graphs  of  figure  2  show  the  progress  of  the  two  habits 
when  stated  in  terms  of  the  average  percentage  of  correct  re- 
sponses in  each  tenth  of  total  learning.  (I  assume  that  this 
method  of  plotting  learning  curves,  first  devised  by  Vincent, 
is  suflBlciently  familiar  that  no  extensive  words  of  e3q)lanation  are 
necessary.  Certain  comments  upon  the  method  will  be  found 
below,  page  49.)  The  striking  feature  about  the  curves  is 
that  the  interference  is  foimd  in  the  first  half  of  the  curve  for 
habit  no.  2,  after  which  the  curves  progress  together.  This  is 
confirmatory  of  the  previous  findings  of  Himter,  Yarbrough 
and  Pearce  working  imder  similar  conditions.  The  explanation 
of  the  peculiarity  may  well  lie  in  the  nature  of  interference  be- 
tween habits  of  the  present  type.  It  does  not  lie  in  the  fact  that 
most  of  the  learning  in  each  habit  has  been  accomplished  during 
the  first  half  of  the  total  learning  process.  This  we  shall  find 
to  be  true  in  the  maze  habits  to  be  described  later.  Here, 
however,  the  curve  for  habit  no.  1  stands  at  52  per  cent  correct 
out  of  all  responses  made  during  the  fifth  tenth  of  learning  as 
opposed  to  48  per  cent  in  the  first  tenth.  Habit  no.  2  stands 
at  61  per  cent  in  the  fifth  tenth,  but  has  risen  steadily  from 
24  per  cent  in  the  first  tenth.  Each  habit  reaches  approximately 
the  75  per  cent  level  before  the  final  trials  at  completed  learning. 
The  second  habit,  therefore,  not  only  meets  the  first  habit  at  its 
mid-points,  but  also  rises  much  more  rapidly  during  the  first 
half  of  its  fonnation.  This  is  also  true  in  Pearce's  curve,  and 
one  of  the  two  presented  by  Himter  and  Yarbrough  is  almost  a 
facsimile  copy  of  the  present  one.  The  present  curve  is  more 
reliable  than  either  of  the  others  because  of  the  larger  number  of 
subjects  involved. 

It  will  be  recalled  from  our  historical  summary,  that  Webb 
foimd  the  positive  transfer  eflFect  located  in  the  first  five  trials 
of  the  second  habit,  or,  stated  otherwise,  that  the  second  habit 
began  at  the  approximate  level  attained  by  the  first  habit  on  the 


Digitized  by 


Google 


38 


WALTER  S.   HUNTER 


fifth  trial.  There  is  no  doubt  that  Webb's  curves  show  this, 
but  there  is  question  whether  his  curves  can  afford  a  basis  for  a 
conclusion  of  this  character.  We  have  already  pointed  out  that 
a  trial  is  an  arbitrary  unit  having  little  direct  relationship  to  the 


FiQ.  2.  The  Upper  Ctibvb  is  fob  Visual  Habit  No.  1  and  the  Lowbb  Cubvb  for 

Visual  Habit  No.  2 

The  curves  represent  the  average  percentage  of  correct  trials  in  each  one-tenth 
of  learning.  The  final  value,  marked  C,  indicates  the  average  percentage  at 
completed  learning.  Special  attention  should  be  given  the  coincidence  of  the  two 
curves  beginning  at  their  mid-points. 

amount  of  effort  e3q)ended  in  the  learning.  One  trial  for  one 
subject  may  represent  one-tenth  of  learning  while  for  another 
subject  one  trial  may  represent  one-half  of  the  total  learning 
process,  and  yet  the  two  subjects  may  spend  an  equal  amount  of 
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total  time  and  run  equal  distances  in  securing  mastery  of  the 
problem.  Webb's  conclusion  bears  upon  the  part  of  the  learning 
process  in  which  transfer  effects  are  found;  but  since  his  curves 
are  not  representative,  his  conclusion  cannot  be  accepted. 

In  following  out  the  second  problem  of  this  section  of  the 
study,  I  sought  to  secure  data  by  which  to  construct  a  curve  for 
habit  interference  in  terms  of  the  eflFects  of  various  amounts  of 
training  with  habit  no.  1  upon  the  amount  of  training  necessary 
to  break  this  response  by  forming  habit  no.  2.  Only  three 
points  on  this  curve  have  been  (approximately)  determined, 
viz.,  those  for  zero  trials,  100  trials,  and  total  interference. 

Nine  30  day  old  rats  were  trained  upon  habit  no.  1  by  the 
method  above  described  for  ten  days,  i.e.,  for  100  trials.  At 
the  close  of  this  period,  they  were  put  in  training  upon  habit  no 
2  and  continued  there  until  this  habit  was  perfected.  An  average 
of  475  trs.,  <r  112,  was  required  for  the  mastery  of  habit  no.  2. 
It  has  been  stated  above  that  when  habit  no.  1  was  completely 
learned,  an  average  of  603  trs.,  <t  192,  was  required  by  16  rats  for 
the  mastery  of  habit  no.  2.  I  have  assumed  that  habit  no.  2 
is  of  the  same  grade  of  diflBiculty  as  habit  no.  1,  for  untrained 
animals,  and  have  therefore  taken  the  niunber  of  trials  required 
for  the  complete  learning  of  habit  no.  1  as  the  number  of  trials 
that  would  be  required  for  the  mastery  of  the  second  habit — 
in  this  case  286  trs.,  <r  101,  for  16  animals. 

Figure  3  shows  the  curve  drawn  through  the  three  points 
as  slightly  convex  to  the  base  line  and  rising  from  286  trials  for 
initial  learning,  through  475  trials  for  100  trial  interference, 
to  600  trials  at  the  point  of  total  interference.  The  ranges  of 
the  sigmas  are  also  indicated.  It  is  further  to  be  noted  that 
figs.  2  and  3  are  in  general  agreement.  Figure  2  indicates  that  the 
major  portion  of  the  interference  occurs  in  the  first  half  of  the 
learning.  Figure  3  shows  that  if  habit  no.  1  is  approximately 
one-half  learned  (100  trs.  out  of  286  trs.)  that  the  amount  of 
interference  is  approximately  one-half  the  possible  interference 
(475  trs.  minus  286  trs.  giving  189  trs.  vs.  the  317  secured  by 
subtracting  286  from  603).  I  am  willing  to  infer  from  the 
general  direction  of  the  curve,  the  slight  amount  of  curvature, 
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the  progressive  magnitude  of  the  variabilities,  and  the  number  of 
cases  involved,  that  future  experimentation  will  not  change  the 
essential  results.  The  great  variabilities  in  performance  in  these 
habits  will  make  it  difficult  to  use  them  for  further  interpola- 


FiG.  3.  The  Cubvb  of  Habit  Interferencb 

The  values  on  the  ordinate  indicate  the  number  of  trials  given  on  habit  no.  2 
in  order  to  secure  its  mastery  after  the  number  of  trials  on  habit  no.  1  indicated 
by  the  values  on  the  abscissa.  The  fainter  lines  on  either  side  of  the  main  graph 
indicate  the  magnitudes  of  the  sigmas  at  the  three  points  determined. 

tions  on  the  curve.  Certain  data  secured  with  these  habits 
using  10  tr.  and  50  tr.  interference,  also  lead  me  to  think  either 
that  "the  rat  in  this  problem"  is  too  unreliable  for  the  accurate 
determination  of  other  points  on  the  curve  or  that  the  processes 
involved  in  habit  formation  in  general  are  so  complex  as  to  render 


Digitized  by 


Google 


HABIT  INTEBFEBENCE  41 

impracticable  the  accurate  determination  of  many  points  on  such 
a  curve.* 

INTERFERENCE  BETWEEN  UNIT  MAZE  HABITS 

The  T-shaped  discrimination  box  was  also  used  in  this  problem. 
The  animals  (25  rats,  untrained  and  30  days  old)  were  run  through 
the  apparatus  twice  daily  for  four  days  prior  to  the  regular  ex- 
periments, using  the  following  series  of  presentations:  rl,  Ir,  rl, 
Ir.  This  preliminary  training  was  given  partly  to  famiUarize 
the  subjects  with  the  experimental  situation  and  partly  to  give 
the  right  and  left  turns  through  the  box  an  equal  potency. 
Neither  punishment  nor  any  external  Ught  or  sound  stimulus  was 
employed  either  during  the  preliminary  days  or  during  the  regu- 
lar experiment.  Habit  no.  1  consisted  in  the  ability  to  nm 
through  the  left  side  of  the  box  when  the  rat  was  inserted  at  the 
entrance.  This  involved  the  avoidance  of  a  single  cul-de-sac 
composed  of  the  right  side  of  the  box.  Habit  no.  2  consisted  in 
the  ability  to  run  through  the  right  side  of  the  box  in  order  to 
secure  the  food  which  was  given  between  each  trial  during  the 
formation  of  each  habit.  After  the  four  days  of  initial  training, 
the  rats  were  started  on  habit  no.  1.  This  habit  was  considered 
established  when  the  animal  ran  through  the  left  side  of  the  box 
correctly  (i.e.,  without  retracing  or  entering  the  right  side) 
19  times  out  of  20  (10  trials  were  given  daily).  These  twenty 
trials  need  not  be  on  two  successive  days,  but  might  cover  parts 
of  three  successive  days.  As  soon  as  the  standard  of  mastery- 
was  reached,  the  animal  was  rested  for  twenty-four  hours  and 
then  started  upon  habit  no.  2  where  the  standard  of  learning 
was  the  same  as  before.  A  fifteen  seconds  interval  was  allowed 
between  the  animal's  exit  and  its  re-insertion  for  the  following 
trial.  Record  was  kept  of:  the  correctness  or  incorrectness  of 
the  trial;  the  total  number  of  trials  required  for  mastery;  and  the 
total  time  for  each  trial.  Inasmuch  as  the  true  path  was  only 
48  inches  long,  the  time  for  each  trial  was  relatively  short.    The 

*  The  situation  here  is  at  variance  with  that  described  by  Wiltbank  for  the 
maze  and  summarized  above  in  our  historical  section.  Wiltbank's  data  show  an 
effect  in  the  second  habit  of  as  little  as  2  trials  on  the  first  habit. 
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discussion  below  will  indicate  the  general  value  of  these  time 
records.  In  counting  errors,  I  have  used  the  method  employed 
in  studies  of  sensory  discrimination  rather  than  the  customary 
maze  method,  i.e.,  the  trial  as  a  whole  was  counted  right  or 
wrong  without  recording  the  several  mistakes  that  might  be  made 
within  that  mait. 

Figure  4  gives  the  distribution  tables  for  the  two  habits  in  terms 
of  trials  and  total  time  consimaed  prior  to  mastery.  For  habit 
no.  1,  the  average  nmnber  of  trials  is  34.28,  cr  25.5,  and  the  average 
number  of  seconds  required  for  total  learning  is  196.7  seconds, 
<r  108.4.  For  habit  no.  2,  the  average  number  of  trials  is  45.32, 
<r  20.9,  and  the  average  number  of  seconds  is  183.89,  c  70.8. 
The  foot-rule  correlation  for  time  is  -  0.04  ±0.08,  and  for  trials 
is  -  0.075  db  0.08.  The  P.  E.  of  the  diflference  of  the  average  trials 
required  is  4.13  as  opposed  to  the  arithmetical  diflference  of  11.04 
trs.,  and  the  diflference  between  the  two  averages  is  therefore 
fairly  significant.  A  consideration  of  the  coefficients  of  cor- 
relation indicates  that  no  relationship  has  been  f oimd  between 
the  performances  in  the  two  habits.  Whether  this  is  due  to 
the  nature  of  the  rat,  the  problem,  or  the  experimental  control, 
I  am  at  present  imable  to  say.  The  results  show  an  interference 
effect  between  trials  required,  but  show  a  practical  equality  in 
the  amounts  of  time.  So  far  as  total  trials  are  concerned,  habit 
no.  2  is  less  than  a  new  habit.  So  far  as  total  time  is  concerned, 
habit  no.  2  is  acquired  as  a  new  habit. 

These  statements,  confirmed  also  by  the  previous  work  of 
Himter,  Yarbrough  and  Pearce,  call  legitimately  for  explanatory 
comments  on  the  nature  of  a  "new"  habit.  In  addition  to  the 
work  already  before  us,  it  is  necessary  to  have  in  mind  the  funda- 
mental study  by  Shepard  and  Breed  (8)  on  "Maturation  and 
Use  in  Instinct.*'  These  psychologists  have  shown  in  the  case  of 
the  pecking  behavior  in  the  chick  that  the  curve  of  acquisition  is 
the  product  of  the  two  factors  of  practise  and  the  inherent  proc- 
esses of  growth.  It  is  probable  that  most  instinctive  forms  of 
behavior  appear  in  a  similar  fashion.  However,  in  the  case  of  the 
great  majority  of  acquisitions  whose  curves  are  studied  the  proc- 
esses of  maturation  concerned  have  already  been  completed. 
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These  forms  of  behavior  appear  under  the  influence  of  old  ac- 
quisitions as  well  as  of  the  environing  experimental  conditions. 
In  spite  of  this,  for  practical  purposes,  we  say  that  a  discrimination 
habit,  e.g.,  set  up  in  an  "untrained"  rat  is  a  new  habit  and  think 
of  the  rat  thereafter  as  imsuited  to  the  best  scientific  study  of 
other  habits  (unless  habit  relationships  are  our  topic  of  study). 
This  position  is  supported  by  the  habit  interrelationships  in- 
dicated through  studies  of  the  type  which  we  have  reviewed. 
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A  and  B  are  the  distributions  for  trials  preceding  mastery  for  habits  nos.  1  and 
2  respectively.  C  and  D  are  the  time  distributions  for  the  two  habits.  Each 
square  represents  a  subject. 

We  should  not,  however,  be  blinded  to  the  existence  of  quite 
highly  independent  habits.  Studies  in  human  psychology  on 
amnesias,  repressions,  and  dissociations  in  general  have  indicated 
this.  The  work  of  Bair,  Muensterberg,  Himter  and  Yarbrough 
referred  to  in  the  introduction  to  the  present  paper  show  inde- 
pendent habits  in  the  field  of  skill.  The  work  by  the  latter 
investigators  and  that  presented  in  the  present  section  lead  to  the 
statement  that  a  habit  is  to  be  judged  "  new"  on  the  basis  of  a  ( om- 
parison  of  its  curve  of  acquisition  with  the  standard  curves  for 
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that  habit.  If  the  curves  are  essentially  identical  in  points  of 
origin  and  termination  and  in  form,  the  one  may  be  said  to  repre- 
sent the  growth  of  a  new  habit  no  matter  how  much  training  the 
animal  may  have  had.  In  the  present  case,  the  standard  curve 
is  that  for  habit  no.  1.  Habit  no.  2  is  to  be  judged  as  new,  as 
less  than  new,  or  as  partially  acquired  in  terms  of  the  three 
attributes  above  stated,  of  which  form  is  the  most  uncertain. 


9       TO    tutk 


Fio.  5.  GuBVXB  OF  Lbabning  for  thb  Unit  Mazb 

The  ordinate  values  represent  the  average  number  of  seconds  required  in  each 
tenth  of  learning.    I,  habit  no.  1.    II,  habit  no.  2. 

As  we  pass  from  positive  transfer  where  the  curve  in  question  is 
above  the  standard  to  negative  transfer  where  it  lies  below  the 
standard,  a  point  will  be  reached  where  the  two  curves  coincide. 
There  is  no  pragmatic  diflFerence  between  a  new  habit  and  one 
in  which  interferences  and  transfers  give  the  standard  curve. 
Theoretically  there  is  no  such  thing  as  a  new  habit.  Each  arises 
imder  the  influence  of  some  or  all  of  the  existing  behavior  pos- 
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sibilities  acting  through  facilitations  and  inhibitions  in  the 
nervous  system.  In  practise,  however,  a  new  habit  would  be 
identified  by  the  criteria  above  described. 

Figure  6  presents  the  curves  of  learning  for  the  two  habits 
formed  in  the  unit  maze.  The  graphs  represent  the  average 
number  of  seconds  of  total  time  spent  in  each  tenth  of  total  leam- 


to    e^tAt 


Fig.  6.  Cxtrves  of  Lbarninq  for  the  Unit  Maze 

These  curves  represent  the  percentage  of  total  time  that  the  average  rat  spent 
in  each  tenth  of  learning.    The  solid  line  is  for  habit  no.  1. 

ing.  Those  of  figure  6  show  the  average  percentage  of  the  total 
time  required  for  learning  which  occurred  in  each  tenth.  The 
curves  in  each  case  interlace  to  an  extent  which  makes  conclu- 
sions as  to  essential  differences  uncertain.  It  would  seem  safe, 
however,  to  say  that  habit  interference  has  brought  a  great 
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increase  in  the  amount  of  time  spent  in  the  first  tenth  of  habit 
no.  2.     (Additional  comments  will  be  found  below,  p.  51.) 

HABIT  INTERFERENCE   IN  THE   CIRCULAR  MAZE 

The  problems  attacked  by  means  of  the  circular  maze  were 
still  those  of:  (1)  the  relationship  between  the  ability  to  form 
a  given  habit  and  the  ability  to  break  that  habit  by  forming  its 
opposite;  and  (2)  the  locus  of  the  interference  effects  as  shown 
in  the  curves  of  learning.    A  simple  circular  maze  with  camera 


Fig.  7.  Ground  Plan  op  the  Circulab  Mazb 

E  is  the  entrance  and  F  is  the  food  box.    The  dotted  line  indicates  the  true 
pathway. 

lucida  attachment  was  used.  The  first  habit  consisted  in  the 
mastery  of  the  maze  as  shown  in  figure  7.  Two  trials  per  day 
were  given,  and  records  were  taken  of  total  time,  stationary  time 
and  distance.  Learning  was  counted  complete  when  four  trials 
in  succession  were  made  without  error.  Habit  no.  2  consisted 
in  the  mastery  of  a  maze  in  which  the  food  box  and  the  alley 
openings  on  the  side  of  the  food  box  were  shifted  180°  from  the 
position  shown  in  fig.  7.  The  turns  in  maze  no.  2  were,  therefore, 
Mr  as  opposed  to  the  rlrl  order  in  maze  no.  1  (shown  in  fig. 7). 
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The  subjects  were  started  on  maze  no.  2  approximately  twenty- 
four  hours  after  maze  no.  1  was  mastered. 

Thirty-six  thirty-day  old  untrained  rats  were  used.  Time 
records  only  were  taken  for  11  of  these.  For  the  remaining  25, 
both  time  and  distance  were  recorded.  Ten  minutes  was  the 
TnsiiriTnvTn  time  allowed  for  the  first  trial  in  the  case  of  the  set 
of  11  animals.    The  remaining  25  were  kept  in  the  maze  until 
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Fig.  8.  Dibtributionb  for  Total  Timb  (A  and  B)  and  for  net  Time  (C  and  D) 
IN  THE  Two  Habits  with  the  Circular  Maze 

The  arrows  indicate  the  medians.  The  values  on  the  base  lines  are  in  hundreds. 

they  had  completed  the  first  trial.*  One  minute  intermission 
was  given  between  trials.  For  four  days  prior  to  the  regular 
tests,  each  animal  was  given  one  run  per  day  down  a  24  foot 
straight-away  to  his  food. 

The  distributions  secured  for  the  two  habits  are  shown  in 
figures  8,  9  and  10.  A  comparison  of  the  median  values,  indi- 
cated by  arrows,  reveals  a  positive  transfer  with  all  criteria. 
This  is  in  harmony  with  the  work  by  Webb  and  Wiltbank.    A 

«  Of  the  eleven  rats  upon  whom  a  time  limit  was  set,  8  had  unfinished  trials. 
These  unfinished  trials  for  a  given  rat  were  added  to  the  first  succeeding  trial 
which  was  completed,  and  the  whole  treated  as  one  trial. 
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greater  variability  is  apparent  in  the  first  than  in  the  second 
habit  (a  condition  also  true  in  the  unit  maze),  which  is  the  reverse 
of  the  situation  found  in  visual  habits.  It  is  possible  that  the 
difference  is  essential  and  that  it  is  related  to  the  slow  rise  of  the 
latter  habits. 

The  Pearson  correlation  between  total  trials  required  for  habit 
no.  1  and  total  trials  required  for  habit  no.  2,  using  the  record 
for  36  animals,  is  0.31  db  0.10.  For  total  time,  the  foot-rule 
coefficient  is  0.126  db  0.07.  Using  the  25  rats  for  whom  alone 
distance  records  were  available,  the  foot-rule  correlation  of  total 
distances  traversed  during  learning  is  —  0.02  ±0.08  and  for  net 
time  is  0.36  ±  0.08.    The  correlations  for  net  time  and  trials  are 
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FlO.  9.   DiSTBIBXTTIONS  FOR  ToTAL  TRIALS  ReQUIRBD  PrIOR  TO  MaBTBRT  FOB 

THE  Two  Habits  in  the  Circular  Maze 
The  arrows  indicate  the  medians 

higher  than  the  coefficients  previously  recorded  in  this  paper  for 
visual  and  unit  maze  habits.  However,  even  these  correlations 
are  lower  than  I  should  have  anticipated.  If  the  rat  in  the  maze 
or  discrimination  box,  under  the  current  experimental  conditions, 
gives  reliable  data  on  learning,  one  would  expect  that  the  animals 
learning  the  first  habit  most  readily  would  also  learn  the  second 
habit  most  readily.  This  proves  to  be  the  case  only  to  a  slight 
degree,  if  at  all.  There  remains  the  possibility,  not  covered  by 
our  experimental  data,  that  the  animal  learning  most  readily  also 
retained  most  readily  and  hence  did  poorly  on  the  second  habit. 
However,  if  this  had  been  the  case  to  any  great  degree,  significant 
negative  correlations  should  have  been  in  evidence.    Additional 


Digitized  by 


Google 


HABIT  INTERFEBBNCE  49 

evidence  against  the  effects  of  retention  come  from  the  fact  that 
Webb  found  an  absence  of  correlation  between  learning  and 
releaming  the  same  habit  after  an  interval  of  thirty  days. 

Figures  11,  12  and  13  show  learning  curves  for  the  two  habits 
under  consideration.  Each  of  the  curves  is  constructed  in  terms 
of  tenths  of  the  total  learning  process.  This  method  of  construc- 
tion devised  by  Vincent  is  of  very  great  merit  where  a  composite 
curve  is  to  be  studied.  Daily  fluctuations,  it  is  true,  are  not 
shown,  but  that  is  chiefly  the  function  of  an  individual's  curve. 
The  degree  of  smoothness  can  be  controlled,  in  the  Vincent 
curve,  by  the  choice  of  unit,  a  curve  in  tenths  being  smoother 
than  one  in  twentieths,  etc.    In  the  Vincent  curve,  the  entire 
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Fio.  10.  Distributions  for  Total  Distances  Traversed  Prior  to  Completed 

Lbarninq  in  the  Two  Habits  of  the  GiRcnLAR  Maze 

The  arrows  indicate  the  medians.    The  abscissa  values  are  arbitrary  units 

curve  is  based  upon  the  total  number  of  subjects  used  while  in 
the  customary  curve  the  latter  part  may  be  based  upon  a  single 
animal,  the  other  subjects  having  dropped  out  at  various  pre- 
ceding points.  Conclusions  concerning  the  forms  of  the  curve, 
if  based  upon  more  than  one  animal,  are  imsafe  imless  the  entire 
subject  group  is  represented  throughout  the  curve.  The  Vincent 
curve  has  the  additional  advantage  that  any  accidental  dis- 
turbances will  have  their  effects  distributed  through  various  parts 
of  the  curve  in  a  way  less  calculated  to  affect  its  essential  form. 

Turning  now  to  the  curves  before  us,  figure  11  shows  the 
average  amoimt  of  distance  run  in  each  tenth  of  total  learning 
for  the  two  habits.    A  marked  transfer  effect  is  to  be  noted. 

COMPABATiyB  PSTCHGLOOT,  VOL.  II,  NO.  1 
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This  is  also  true  in  figure  12  which  shows  the  average  total  time 
consiuned  in  each  tenth.  Figure  13  is  also  based  upon  total  time, 
but  in  this  case  the  ordinate  values  represent  the  average  per- 
centages of  total  learning  time  consumed  in  each  tenth.    The 
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FiQ.  11.  Learning  Gubvbs  for  Distance  for  the  Circular  Maze 

The  curves  represent  the  average  total  distance  run  in  each  tenth  of  the 
learning  period.  I,  habit  no.  1.  II,  habit  no.  2.  The  ordinate  values  are 
arbitrary  units. 

curves  therefore  represent  the  average  precentage  of  total  work 
which  lay  within  each  tenth.  A  comparison  of  figures  12  and 
13  reveals  that,  although  habit  no.  2  required  the  expenditure 
of  much  less  energy  in  each  tenth,  the  percentage  of  work 
in  each  tenth  of   learning  is  the   same  as   for  habit  no.    1. 
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This  is  in  marked  contrast  with  the  curves  shown  for  the  unit 
maze  where  the  first  tenth  of  learning  for  the  second  habit 
included  over  50  per  cent  of  the  work  done  on  that  habit,  as  op- 
posed to  20  per  cent  for  habit  no.  1.  A  comparison  of  the  curves 
also  suggests  that  the  distribution  of  work  throughout  the 
learning  period  will  depend  upon  the  type  of  problem  used  and 
upon  various  other  factors  other  than  the  mere  fact  of  habit 
formation. 

The  curves  of  the  present  paper,  including  those  of  the  succeed- 
ing section,  show  clearly  the  portion  of  the  learning  period  during 


Fig.  12.  Leabning  Cxjbvbs  for  Total  Time  in  the  Cibculab  Maze 

The  ordinate  values  represent  the  average  number  of  seconds  of  total  time 
consumed  in  each  tenth  of  the  learning  process.    I,  habit  no.  1.    II,  habit  no.  2. 

which  the  great  portion  of  the  learning  is  accomplished.  An 
inspection  of  the  graphs  of  figures  2,  5,  11,  12  and  13  reveals  the 
fact  that  there  is  practically  no  indication  of  improvement  after 
the  mid-point  in  the  learning  period.  The  criterion  of  mastery 
in  maze  habits  and  in  sensory  discrimination  problems,  as  well 
as  in  most  other  problems  of  animal  behavior,  is  one  of  errors 
committed.  The  progress  towards  mastery,  however,  is  recorded 
in  terms  of  time  and  distance  as  well  as  of  errors.  Our  curves 
show  that  the  variations  in  time  and  distance  records  are  very 
slight,  beginning  at  a  point  around  the  fourth,  fifth  or  sixth  tenth 
of  learning.    Most  curves  heretofore  presented  in  the  literature 
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show  a  rapid  initial  drop  followed  by  a  gradual  approximation 
to  the  final  level.  Their  non-representative  character,  however, 
when  compared  with  the  Vincent  curve,  makes  any  generaliza- 
tion concerning  parts  of  the  learning  process  impracticable. 
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Fig.  13.  OuBvas  Showing  the  Pebcbntagb  of  Total  Timb  fob  thb  Average 
RaT|  Ogcttbbing  in  Each  Tenth  of  the  Learning  Period 

The  dotted  curve  is  for  habit  no.  2 ;  the  solid  curve,  for  habit  no.  1 

The  curves  of  figure  2  and  those  in  the  papers  by  Hxmter, 
Yarbrough  and  Pearce  are  error  curves.  In  contrast  to  the  time 
and  distance  curves,  they  show  a  significant  improvement  in 
the  latter  half  of  the  learning  period.  In  all  cases  the  mid-regions 
of  the  cmves  possess  particular  significance,  either  as  the  point 
beyond  which  little  improvement  occurs  or  as  the  point  on  either 
side  of  which  the  interference  eflfects  are  found. 
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INTERFERENCE  BETWEEN  MAZE  HABITS  WITH  HUMAN  SUBJECTS 

Thirty-one  human  subjects  were  tested  on  the  pencil  maze 
shown  in  figure  14.  The  turns  here  as  in  the  circular  maze  are 
alternately  right  and  left.  Habit  no.  1  consisted  in  learning  the 
maze  as  drawn  in  the  figure.  Habit  no.  2  required  the  mastery 
of  the  reverse  of  this  maze.  (Secured  by  rotating  the  maze 
180  degree  with  reference  to  the  subject  and  by  having  the  sub- 
ject trace  from  the  former  exit  to  the  former  entrance.)  Forty- 
five  seconds  elapsed  between  each  trial  in  both  problems.  The 
two  habits  were  established  in  one  continuous  sitting,  with  a 
fifteen  minute  rest  period  between  the  two.  The  subjects  were 
instructed  as  follows:  "Now  that  you  are  blind-folded,  I  shall 
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FiQ.  14.  Gbound  Plan  of  the  Pencil  Maze 
En,  entrance.    Ex,  exit 

place  a  pencil  in  your  hand  and  then  guide  you  (so)  imtil  the 
pencil  point  is  within  the  groove  of  the  maze.  You  are  to  find 
the  shortest  way  out  of  this  groove  by  moving  until  I  say  'out.' 
Do  not  lift  your  pencil  up  so  that  it  slips  out  of  the  groove.  Work 
for  an  early  mastery  of  the  problem."  Between  trials  the  sub- 
ject was  instructed  to  think  of  other  topics  and  was  usually 
engaged  in  a  general  conversation.  Five  perfect  runs  in  succes- 
sion were  required  for  mastery.  Record  was  kept  of  the  total 
time  for  each  trial  and  of  the  total  niunber  of  trials. 

The  maze  was  constructed  with  grooves  i  inch  wide.  The 
pencil  point  occupied  probably  about  A  inch.  It  was  thus 
impossible  to  touch  both  sides  of  the  maze  without  making 
fairly  large  movements  (subjectively  estimated). 
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Of  the  subjects,  25  were  elementary  laboratory  students 
in  psychology,  4  were  advanced  students,  and  2  were  instructors. 
Only  the  last  six  were  familiar  with  maze  problems  in  general. 
All  subjects  testified  freely  to  an  ignorance  of  the  maze  with 
which  they  were  tested.  The  elementary  students  were  cautioned 
against  coaching,  and  no  evidence  of  such  methods  was  found. 

Figures  15  and  16  give  the  distributions  of  time  and  trials  for 
each  habit.  The  arrows  indicate  the  location  of  the  median 
values.    Inspection  reveals  a  great  amount  of  transfer  from  the 


filltmMn     FkL 


n  n 


XL 


iS 


R 


n  n  rrm 


fO 


is 


20 


XL 


2T 


tr*. 


FlQ.  15.  DlSTBIBITTIONS  IN  TbrmS  OF  TrIALB    REQUIRED  FOR  MASTERING  THB 

Two  Habitb  in  THE  Pencil  Maze 
The  arrows  indicate  the  median  values 

first  to  the  second  habit.  The  foot-rule  correlation  between  total 
time  in  the  two  habits  is  0.64  ±  0.07.  The  same  coefficient 
for  total  trials  is  0.68  dz  0.07.  Translating  these  values  by  table 
into  the  Pearson  r  gives  in  each  case  a  coefficient  above  0.80. 

A  comparison  of  these  correlation  values  with  those  secured 
from  the  rat  reveals  one  of  the  most  significant  points  brought 
to  light  by  the  present  investigation.  Working  with  visual 
habits  and  two  complexities  of  the  maze,  using  rats  for  subjects 
there  is  a  very  low  degree  of  relationship,  if  any,  between  the 
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abilities  manifested  in  fonning  a  habit  and  in  breaking  that 
habit  by  fonning  another.  As  opposed  to  this,  a  high  degree 
of  relationship  is  found  in  human  subjects  between  the  ability 
to  form  a  simple  maze  habit  and  the  ability  to  break  it  by  form- 
ing another  maze  habit.  In  each  case  standard  methods  of 
experimentation  have  been  employed. 

In  our  historical  section,  we  pointed  out  as  extremely  signifi- 
cant the  data  foimd  by  Webb  on  the  correlation  of  abilities 
displayed  in  learning  a  response  and  in  releaming  the  same 
response  after  a  thirty-day  interval.    In  Webb's  tests  the  diflfer- 
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FlQ.  16.  DlSTBIBUTIONS  IN  TeRMS  OF  ToTAL  SECONDS  ReQUIBBD  FOR  MASTERING 

THE  Two  Habits  in  the  Pencil  Maze 


The  abscissa  values  indicate  hundreds, 
values. 


The  arrows  indicate*  the  median 


ent  groups  of  subjects  received  various  treatments  during  the 
interval.  One  group  on  each  maze  enjoyed  a  rest  from  experi- 
mentation during  the  interval.  The  other  group  on  each  maze 
was  trained  upon  some  other  maze  during  the  interval.  (No 
data  are  given  showing  the  amoimt  of  progress  made  in  the  forma- 
tion of  habits  during  the  thirty-day  interval.)  The  coefficients 
found  for  the  three  criteria  of  trials,  errors,  and  time  for  rats 
vary  from  —0.57  to  0.85,  Although  three  groups  show  a  consist- 
ent positive  correlation  on  all  three  criteria,  the  data  as  a  whole 
suggest  apparently  either  that  there  is  no  relationship  present 
(which  is  Webb's  conclusion)  or  that  only  certain  mazes  will 
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show  this  relationship.    There  are  no  published  facts  at  present 
to  indicate  which  answer  is  the  true  one.    It  is  certainly  quite 


Fig.  17.  Lbabnzkg  OuBvas  fob  thb  Two  Pbncil  Mazb  Habfts  in  Tbbms  of 
THB  Aybbagb  Total  Timb  m  sbconds  pbb  Tbnth  of  Total  Lbabntino 

The  upper  curve  is  for  habit  no.  1 

possible  that  chance  factors  may  enter  into  certain  mazes  to  such 
a  degree  as  to  render  them  unfit  for  testing  learning,  if  consistent 
results  are  to  be  secured.    It  must  he  home  in  mind  that  the  mere 
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fad  thai  an  animal  forms  a  habit  under  certain  eocperimental  condi- 
turns  is  in  no  sense  evidence  thai  the  records  of  thai  learning  will 
ever  reveal  that  the  animal  had  the  ability  to  make  a  consistent 
performance.  For  human  subjects,  Webb's  results  show  cor- 
relation from  —0.60  to  0.70,  but  with  no  significant  and  consistent 
correlations  for  the  several  mazes. 

Our  own  correlations  were  secured  xmder  different  experimen- 
tal conditions,  where  the  one  maze  habit  was  replaced  immediately 
by  its  opposite.  We  found  no  correlation  between  the  two 
performances  for  rats,  but  a  fairly  close  relationship  for  humans. 
Inasmuch  as  Webb  had  but  from  5  to  6  hmnan  subjects  while 
we  used  31,  our  results  would  seem  the  more  trustworthy. 

It  appears  to  me  that  the  most  probable  explanation  of  the 
differences  foimd  by  correlation  in  the  present  section  of  this 
paper  will  prove  to  be  one  of  the  following :  (1)  A  better  and  more 
uniform  control  of  experimental  conditions  is  possible  for  human 
svi^ects  than  for  rats.  Or  (2),  therai  is  intrinsically  more  unstable 
than  human  adults,  being  so  susceptible  to  various  factors  thai  the 
same  capacity  reveals  itself  but  poorly  and  inconsistently  through  a 
series  of  habits.  Either  explanation  is  serious  for  animal  psychol- 
ogy if,  and  so  far  as,  studies  of  habit  formation  in  the  rat  are 
supposed  to  throw  light  upon  the  essential  nature  of  habit  forma- 
tion in  man.  Either  explanation  is  of  great  importance  so  far 
as  the  problem  of  animal  psychology  is  that  of  indicating  essential 
differences  between  animal  groups.^ 

Figure  17  gives  the  learning  curves  for  the  two  habits  in  terms 
of  the  average  total  time  per  tenth  of  the  learning  period.  Two 
features  stand  out;  (1)  the  great  amount  of  transfer  evident 
throughout  the  curve  for  habit  no.  2;  and  (2)  the  absence  of 
essential  change  in  the  last  six  tenths  of  the  graphs.  The  trans- 
fer revealed  is  greater  than  that  shown  in  any  of  the  earlier  curves 
of  the  present  paper,  the  first  tenth  of  habit  no.  2  requiring  even 
less  time  than  the  last  tenth  of  habit  no.  2. 

*  Extensive  experiments  bearing  upon  the  topics  of  this  paragraph  have  been 
in  progress  in  this  laboratory  for  several  years  (conducted  by  D.  G.  Paterson, 
Oakland  Maupin,  William  T.  Heron  and  myself)  and  should  see  publication  in 
the  near  future. 
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SUMMARY 

On  page  33  an  outline  was  made  of  the  present  status  of  the 
problem  of  habit  interference  and  habit  transfer  in  animals.  The 
work  of  the  present  paper  may  be  put  in  relationship  to  the 
material  there  summarized  as  follows: 

1.  Negative  transfer,  or  habit  interference,  has  again  been 
demonstrated  between  opposite  visual  habits. 

2.  When  the  learning  is  represented  in  the  form  of  a  Vincent 
curve  and  the  two  habits  are  compared,  interference  is  shown  to 
have  its  locus  in  the  first  one-half  of  learning. 

3.  Positive  transfer  appears  between  two  opposite  maze  habits 
when  either  the  total  times,  distances  or  trials  are  considered. 
A  comparison  of  the  last  of  the  first  habit  and  the  first  portion 
of  the  second  habit  reveals  interference  effects.  The  learning 
curves  for  time  and  distance  show  almost  no  improvement  after 
the  mid-point  of  the  learning  process. 

4.  Argument  is  given  in  favor  of  the  use  of  the  Vincent  curve 
where  a  composite  curve  representative  of  the  learning  process 
is  to  be  presented. 

5.  A  curve  for  habit  interference  in  visual  habits  has  been 
drawn  through  the  points  of  zero,  100  trial  and  total  interference. 
(A  smaller  number  of  trials  than  100  In  the  first  visual  habit, 
viz.,  10  and  50  trials,  failed  to  show  any  effect  on  the  second 
habit.) 

6.  The  indications  are  that  there  is  a  greater  variability  in 
performance  in  a  second  visual  discrimination  habit  than  in  a 
first  one.     The  situation  seems  to  be  reversed  with  maze  habits. 

7.  We  have  found  no  significant  correlation  in  rats  between 
the  learning  of  one  habit  and  the  breaking  of  that  habit  through 
the  mastery  of  its  opposite.  Visual  discrimination  habits  and 
two  complexities  of  maze  habits  were  used.  Human  subjects 
in  a  pencil  maze  gave  a  high  correlation  between  forming  one 
habit  and  replacing  that  habit  with  its  opposite. 
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COORDINATION  IN  THE  STARFISH 

II.  LOCOMOTION 
W.  F.  HAMILTOlT 

Having  described  in  a  previous  paper^  certain  experiments  on 
the  individual  tube  feet  of  starfish,  I  wish  here  to  present  the 
results  of  experiments  and  observations  on  the  mechanism  of 
locomotor  coordination  in  the  light  of  this  previous  analysis  of 
the  reactions  of  the  tube  feet. 

LITERATUBB 

It  has  long  been  recognized  (Romanes  and  Ewart,  1881; 
Preyer,  1886)  that  if  one  of  the  tube  feet  in  a  starfish  is  stimu- 
lated to  retract,  or  extend,  this  activity  spreads  to  other  tube 
feet  as  a  wave  of  extension  or  retraction.  Coordination  of  the 
tube  feet  which  involves  their  orientation  in  a  definite  direction, 
cannot,  according  to  Von  UexkiiU  (1903),  be  referred  to  a  simple 
nerve  net,  as  can  the  spread  of  simple  extension  and  retraction. 
Many  nerve  nets  connecting  homologous  parts  of  the  effectors 
are  needed  to  explain  this  type  of  response.  Von  UexkiiU  ex- 
plained the  oscillations  of  the  tube  feet  and  spines  of  sea  urchins 
on  the  ground  \hat  muscles  which  are  extended,  either  actively 
or  passively,  are  more  apt  to  respond,  by  contracting,  to  an 
impulse  spreading  in  the  nerve  net.  Von  Uexkull's  elaborations 
of  this  idea  have  not  always  proven  acceptable  (Mangold, 
1909b). 

Locomotion  away  from  harsh  stimulation  and  toward  food 
was  noticed  by  the  older  physiologists  (Romanes  and  Ewart, 
1881;  Preyer,  1886).  The  adaptiveness  of  these  responses  was 
pointed  out,  and  while  Romanes  and  Ewart  refused  to  commit 
themselves  as  to  consciousness  or  intelligence  among  echino- 

1  Journal  of  Comparatiye  Psychology,  Vol.  I,  December,  1921,  pp.  473-488. 
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derms,  Preyer  referred  these  and  other  adaptive  responses  to 
an  intelligence  equipped  with  anatomical  ''centers"  in  various 
parts  of  the  ambulacra!  nervous  system.  (See  also  Sterne  (1891) 
and  Sterner  (1898).) 

Norman  (1900)  and  Loeb  (1900)  dissent  very  strongly  from 
this  view.  According  to  Norman  when  a  ray  is  harshly  stimu- 
lated the  tube  feet  thereon  are  retracted  and  those  of  the  other 
rays  "determine"  the  direction  of  locomotion.  According  to 
Loeb  the  direction  is  determined  "according  to  the  parallelo- 
gram of  forces"  by  the  unstimulated  arms. 

Jennings,  (1907),  however  does  not  see  any  divergent  action 
such  as  would  be  implied  by  the  term  parallelogram  of  forces. 
There  is  a  "unified  impulse"  which  involves  the  harmonious 
action  of  the  tube  feet  of  each  ray.  This  is  corroborated  by 
Mangold  (1908a),  Cole  (1913a)  and  others. 

The  unified  impulse,  once  formed  is  very  persistent,  accord- 
ing to  Jennings  and  must  be  taken  into  accoimt  in  an  analysis 
of  the  movements  of  the  animals.  Cole  (1913a)  finds  that  the 
unified  impulse  determines  the  physiological  anterior  and  this 
physiological  anterior  persists  for  some  time  in  the  same  rays 
in  which  it  started  provided,  of  course,  that  laboratory  conditions 
are  non-directive.  There  is  however  a  slow  shift  of  anterior 
either  to  the  right  or  left. 

Bohn  (1908)  worked  out  the  physiological  factors  involved  in 
change  in  direction  of  locomotion  which  was  brought  about 
by  rotation  of  the  animal,  as  distinguished  from  a  change  which 
involved  a  shift  of  the  anterior  to  other  rays. 

Jennings  (1907)  pointed  out  that  the  imified  impulse  might 
take  different  directions  in  different  parts  of  the  animal  when 
to  do  so  would  be  adaptive  (in  righting,  etc.)  Mangold  (1908a) 
described  this  same  state  of  affairs  for  Luidia  ciUaris  migrating 
along  with  one  arm  bent  back  double  on  itself  and  all  the  tube 
feet  walking  in  the  same  direction — ^not  with  regard  to  the  mor- 
phology of  the  arm  but  with  regard  to  space.  This  he  refers  to 
a  "very  complex  coordination-mechanism"  (see  fig.  6). 

While  it  is  thought  by  most  observers  that  coordination  is 
conducted  solely  through  the  ventral  nervous  system,  Romanes 
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and  Ewart  (1881)  and  Cole  (1913b)  record  some  slow  coopera- 
tion between  parts  on  opposite  sides  of  a  cut  in  the  nervous 
system,  and  Russo  (1913)  believes  that  coordination  may  be  abso- 
lutely normal  in  all  sorts  of  echinoderms,  with  the  oral  ring 
removed!  Clark  (1899)  states  that  the  coordinated  movements 
of  the  tentacles  and  body  muscles  in  Synapta  are  not  destroyed 
by  cutting  the  nerve  ring. 

COORDINATION  IN  THE  RIGID   STARFISH   AND   IN  THE   GILLS 

The  tube  feet  of  ''rigid"  starfish  (see  previous  paper)*  since 
they  are  not  oriented,  behave  very  much  as  do  the  dermal  bran- 
chiae as  to  contraction  and  reextension  after  contact  stimula- 
tion. The  wave  of  contraction  proceeds  away  from  the  site  of 
the  stimulus,  gradually  diminishing  in  intensity,  and  the  wave 
of  reextension,  affecting  first  the  least  contracted  organs  far- 
thest away,  spreads  back  to  the  point  of  stimulation.  The 
wave  of  reextension,  of  course,  does  not  diminish  in  intensity. 
There  is  nothing  in  this  behavior  which  is  not  referable  to  a 
simple  nerve  net.  (See  Parker,  1919.)  It  is  probably  not  so 
with  oriented  coordination. 

ORIENTATION  IN  THE   TUBE  FEET 

The  state  of  orientation,  which  as  has  been  shown  (see  pre- 
vious paper)*  precedes  the  step  reflex,  may  arise  in  several  ways. 
Tube  feet  may  orient  themselves  directly  toward  contact  stimuli 
(or  luminous  stimuli,  Plessner,  1913)  applied  to  the  dermis. 
Thus  if  a  starfish  is  suspended  and  the  body  wall  at  one  side  of 
a  ray  is  stimulated  by  gentle  contact,  the  tube  feet  nearby  will 
extend  toward  the  point  of  contact.  If  the  starfish  is  active 
this  orientation  may  spread  to  a  greater  or  less  extent  over  the 
rest  of  the  tube  feet.  An  increase  in  the  strength  of  the  contact 
stimulation  instead  of  producing  a  negative  orientation  of  the 
tube  feet  causes  their'  retraction.  In  other  words  we  have 
been  able  to  demonstrate  receptors  in  the  dermis  for  a  positive 
but  not  for  a  negative  orientation  of  the  tube  feet. 

*Loc  cii. 
*  Loe.  cit 
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That  such  receptors  exist  in  the  tube  feet  themselves  as  well 
as  in  the  dermis  is  suggested  by  the  following.  If  one  of  the 
tube  feet  of  a  suspended  starfish  be  brought  in  contact  with  a 
small  object,  its  attachment  to  that  object  is  usually  followed 
by  active  bending  of  the  nearby  feet  toward  or  parallel  to  the 
one  stimulated.  I  have  not  been  able  to  observe  tube  feet  to 
bend  directly  away  from  the  stimulus.  Harsh  stimulation 
causes  retraction  but  not  negative  orientation. 

Tube  feet  will  coordinate  to  passive  movements  of  their 
fellows.  If  a  long  tube  foot  on  a  suspended  starfish  is  brought 
in  contact  with  a  pencil  point  the  disk  will  attach  and,  if  the 
pencil  point  is  moved  so  that  the  tube  foot  is  now  pulled  out  in 
a  new  direction,  other  tube  feet  will  extend  themselves,  not  in 
the  original  direction,  but  rather  in  the  direction  to  which  the 
tube  foot  had  been  passively  moved.    The  response  is  not  in- 


FiG.  1 .  The  tube  feet  of  starfish  will  orient  in  the  direction  to  which  a  tube  foot 
has  been  passively  moved  even  after  it  has  been  twisted  as  figured. 

variable,  but  differs  with  different  physiological  states^  Coor- 
dination to  passive  movements  could  also  be  brought  about 
when  the  tube  foot  was  twisted  (fig.  1)  before  puUing  it  over 
into  its  new  position  and  the  coordination  would  remain  undis- 
turbed when  the  tube  foot  was  untwisted.  The  receptors  there- 
fore for  the  direction  of  orientation  are  probably  situated  at  the 
base  of  the  column  though  stimulation  of  the  disk  is  a  factor  in 
the  activity  and  spread  of  the  coordination. 

This  experiment  furthermore  accoimts  for  the  previously  noted 
(see  earlier  paper)  orientation  of  the  starfish  away  from  the  direc- 
tion of  pull  exerted  by  the  spring  recorder  in  determining  the 
pulling  ability  of  the  animal.  The  animal  (Pisaster)  was  shown 
to  have  pulled  steadily  for  as  much  as  thirty-six  hours  directly 
away  from  the  spring  recorder.  This  orientation  was  not  affected 
by  neurotomizing  or  anaesthetizing  the  ray  attached  by  the 
thread  to  the  recorder,  and  is  therefore  due  to  the  receptors  in 
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the  tube  feet  which  are  stunulated  by  the  pull  of  the  substrate 
so  as  to  keep  nearby  tube  feet  oriented  against  the  pull. 

The  tube  feet  near  the  ends  of  the  rays  of  starfish  in  the  active 
but  imoriented  physiological  state  are  oriented  toward  the  tips 
of  those  rays  on  which  they  are  situated.  The  significance  of 
this  is  shown  experimentally  by  attaching  five  shell  vials  large 
enough  to  accommodate  the  ray  to  five  floats  and  presenting  these 


Fio.  2.  Stabfish  Migrating  in  Five  DirrERENT  Directions  at  Onc^ 

The  animal  is  suspended  under  water  and  five  shell  vials  hanging  from  separate 
floats  are  presented  simultaneously  to  the  tips  of  the  rays.  If  the  animal  is  not 
oriented  each  ray  walks  out  into  the  vial. 

to  the  tips  of  the  five  rays  of  an  active  but  unoriented  starfish 
suspended  under  water  (fig.  2).  Each  ray  walked  into  a  vial 
and  in  doing  so  pulled  it  back  toward  the  disk.  When  the  rays 
reached  the  end  of  the  tubes  they  either  migrated  further  in  by 
bending  back  at  the  tips,  or  reversed  and  backed  partly  out. 
They  did  not  often  let  go  the  vials  entirely. 

Another  indication  of  this  tendency  may  be  noted  in  the  fact 
that  in  stale  water  or  under  the  influence  of  chloroform  (Moore 
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1916)  a  starfish  is  very  susceptible  to  a  sort  of  spontaneous  au- 
totomy.  Pisaster  seems  more  susceptible  to  this  reaction  if 
the  nervous  system  has  been  injured  in  some  part. 

As  I  have  observed  it,  this  variety  of  autotomy  is  brought 
about  by  an  exaggerated  tendency  of  the  tips  of  the  rays  to  mi- 
grate in  their  own  direction  and  a  failure  of  this  orientation  to 
spread  through  the  pathologically  sluggish  central  part  of  the 
ambulacral  system.  The  pulling  of  the  tube  feet  elongates  the 
rays  until  they  break  ofif  at  or  ne^r  the  disk.  The  reaction  is 
probably  not  adaptive,  but  merely  an  accidental  result  of  imusual 
conditions  acting  on  the  Asteroid  locomotor  system. 

This  conclusion  is  founded  upon  the  fact  that  the  animals 
could  not  recover  flhom  the  pathological  condition  which  induced 
the  reaction  in  the  unfavorable  environment  (stale  water)  in 
which  the  phenomena  occurred.  The  animals  invariably  died. 
Recovery  might  take  place  if  the  self-injured  animal  should 
(in  some  manner)  be  put  in  a  very  favorable  (normal)  environ- 
ment. On  this  supposition  the  advantage  in  a  normal  environ- 
ment of  the  self-inflicted  injuries  would  have  to  be  demonstrated 
before  we  could  assmne  that  this  type  of  "self  surgery"  could  be 
held  to  be  of  adaptive  significance. 

This  spontaneous  self  mutilation  differs  essentially  from  another 
type  which  may  lead,  under  certain  conditions  to  adaptive  re- 
sults. If  one  ray  of  a  normal  and  fairly  active  animal  {Pisaster) 
is  tied  securely  to  some  stationary  object  the  animal  will  pull 
away  from  this  impediment  for  as  much  as  thirty-six  hours 
(see  previous  paper)  .-*  This  has  been  observed  to  result  in  free- 
ing the  animal  by  loss  of  the  ray.  Regeneration  of  the  lost 
arm  might  then  be  expected  to  occur;  hence  the  power  of  autotomy 
might  be  said  to  enable  the  animal  to  continue  its  life. 

ORIENTATION  OF  THE  ANIMAL  AS  A  WHOLE 

We  have  laid  the  foundation  in  the  preceding  paragraphs 
for  a  description  of  two  methods  by  which  all  of  the  tube  feet 
may  become  oriented  in  one  direction  so  that  coordinated  loco- 
motion may  ensue. 

*  Loc.  cit. 
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In  the  first  place,  dermal  stimulation  or  stimulation  of  the  tube 
feet  may  give  rise  to  orientation  of  the  tube  feet  toward  the  locus 
of  the  stimulus.  In  case  a  sufficient  number  of  the  tube  feet 
receive  contact  stimuli  from  the  substrate,  their  orientation, 
resulting  in  step-reflexes,  will  spread  over  the  starfish  and  the 
animal  will  locomote  toward  the  stimulation.  I  have  not  observed 
this  direct  method  of  orientation  to  result  in  a  movement  of  the 
tube  feet  directly  away  from  the  stimulus,  and  hence  it  cannot 
be  used  to  explain  a  negative  response. 

The  retraction,  however,  which  results  from  harsh  stimula- 
tion does  explain  the  negative  response.  This  retraction  spreads 
over  the  tube  feet  of  the  whole  animal  and  .it  is  last  and  least 
effectively  expressed  in  the  rays  farthest  away  from  the  stimulus. 
Being  least  affected  by  the  stimulus  these  tube  feet  reextend 
first  and  as  a  consequence  of  their  situation  on  rays  which  point 
away  from  the  stimulus  are  themselves  oriented  away  from  the 
stimulus.  Here  again,  then,  in  case  a  sufficient  number  of  the 
tube  feet  receive  contact  stimuli  from  the  substrate,  their  orien- 
tation, resulting  in  step-reflexes,  will  spread  over  the  starfish 
and  the  animal  will  locomote  away  from  the  stimulation. 

The  negative  rest)onse  of  amputated  arms,  as  was  first  noted 
by  Romanes  and  Ewart  (1881),  is  not  at  all  regular,  as  compared 
with  that  of  the  intact  animal.  This  is  to  be  expected  in  the 
light  of  the  foregoing  analysis  since  the  "rays  opposite  the 
stimulus"  are  not  there  to  unfailingly  initiate  a  migration  away 
from  the  stimulus.  The  positive  response  of  the  isolated  ray  as 
I  have  observed  it,  is  much  more  certain  than  the  negative. 

The  migrating  starfish  changes  its  orientation  in  much  the 
same  way  as  the  unoriented  animal  starts  migration.  The  fact 
that  the  change  may  or  may  not  involve  a  rotation  of  the  animal 
as  a  whole,  and  the  fact  that  mechanical  factors  play  a  part  in  the 
change  of  direction  render  it  rather  diflScult  to  recognize  the  vari- 
ous factors  and  to  follow  them  in  their  rather  delicately  balanced 
interplay.  Aside  from  mechanical  factors,  which  will  be  analyzed 
in  connection  with  the  deviation  reaction,  there  are  probably 
no  factors  operating  on  the  oriented  starfish  that  may  not  assxune 
a  rdle  in  bringing  about  that  orientation. 
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It  has  been  shown  (Cole,  1913)  that  a  starfish  will  retam  its 
orientation  even  after  the  animal  is  taken  up  and  held  inverted 
for  two  minutes.  This  procedure  causes  (m  Pisaster  at  least) 
the  retraction  of  the  tube  feet.  From  this  and  the  fact  that  the 
tube  feet  are  quite  retracted  after  each  step  we  may  conclude 
that  the  mechanism  of  orientation  and  that  of  extension  and 
retraction  are  wholly  independent  of  each  other.  Their  only 
point  of  contact  is  that  they  operate  on  the  same  tube  foot  and 
that  orientation  of  this  organ  modifies  its  direction  of  extension 
and  changes  the  retraction  to  contact  stimulation  of  the  disk  to 
a  step-reflex. 

THE    BREAKING    UP    OF    THE    ORIENTATION     OF    THE     STARFISH 

INTO  AREAS  IN  WHICH  THE  TUBE   FEET  ARE   ORIENTED 

IN  DIFFERENT  DIRECTIONS 

It  was  shown  by  Jennings  (1907)  that  the  righting  reactions 
may  occur  in  such  a  way  as  to  involve  the  migration  of  the  rays 
a,  b  (fig.  3)  in  the  direction  to  be  expected  (indicated  by  arrow) 
from  the  orientation  of  the  tube  feet  of  the  starfish  as  a  whole, 
and  at  the  same  time  the  migration  of  the  rays  c,  6  in  the  opposite 
direction  (indicated  by  arrow).  This  divergent  orientation  is  a 
necessary  part  of  the  righting  reaction  once  the  animal  assumes 
the  posture  illustrated  unless  the  tube  feet  of  c  and  e  release  or 
be  torn  loose  from  the  substrate.  I  have  observed  the  righting 
animal  to  assume  other  similar  postures  upon  which  this  divergent 
orientation  of  the  tube  feet  follows  with  various  modifications. 
In  all  such  cases  the  mechanical  pull  exerted  by  the  rays  moving 
over  the  substrate  could  account  for  the  orientation  of  the  tube 
feet,  provided  of  course  that  we  could  prove  that  a  pull  of  this 
kind  will  orient  the  tube  feet  in  its  own  direction. 

The  same  is  true  of  Mangold's  starfish  (fig.  4)  in  which  all 
the  tube  feet,  in  spite  of  their  diverse  relation  to  the  arm,  are 
oriented  in  the  direction  of  locomotion.  This  orientation  was 
either  brought  about  by  mechanical  factors  acting  on  the  tube 
feet  directly,  or  else  by  a  most  complex  central  coordinating 
mechanism.  There  seems  to  be  no  morphological  basis  for  the 
latter  assumption. 
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When  the  starfish  was  in  position  1  (fig.  5)  it  was  moving  in 
the  direction  of  the  lower  arrow.  When  it  came  up  against  the 
obstacle  (o)  however,  the  tube  feet  of  each  ray  immediately 


U 


Fig.  3.  A  type  of  the  righting  reaction  in  which  the  rays  which  initiate  the 
righting  reaction,  a  b,  migrate  in  harmony  with  the  orientation  of  the  animal  as 
a  whole  while  other  rays,  e  c,  which  drag  on  the  substrate  are  oriented  in  the 
opposite  direction. 


Fio.  4.  Slender  Ariced  Starfish  Luidia  ciliaris  in  Which  the  Arm  is  Curved 
BXTT  the  Tube  Feet  are  All  Oriented  in  One  Direction 

Some  are  thus  pointed  to  the  right  of  the  arm,  others  to  the  left  and  still  others 
parallel  with  the  arm.    (After  Mangold.) 
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changed  their  orientation  to  the  direction  indicated  by  the  ar- 
rows at  the  tips  of  the  respective  rays.  This  results  in  the  ani- 
mal neatly  avoiding  the  obstacle  and  migrating  in  the  direction 
indicated  by  the  upper  arrow. 

Assuming  that  the  tube  feet  on  one  side  of  the  obstacle  (on 
arms  d,  e)  were  stronger  than  that  on  the  other  side  (arms  a,  h) 
the  resulting  pull,  provided  it  did  orient  the  tube  feet  in  its 
own  direction,  would  explain  the  movements  observed. 

DIRECT  EVIDENCE   OF  ORIENTATION  BY  PULL 

The  direct  evidence  on  this  point  is  contradictory  at  best. 
Tube  feet  will  coordinate  in  the  direction  of  their  passively  moved 
fellows  (see  above),  but  this  explains  a  negative  orientation  to 
pull  rather  than  a  positive  one  such  as  is  needed  to  harmonize 
with  the  above  observations.  Negative  orientation  to  pull  has 
been  demonstrated  in  a  previous  paper.** 

By  grasping  a  starfish  by  the  disk,  or  by  its  neiu*otomized  or 
anaesthetized  arms  and  dragging  it  slowly  over  the  substrate, 
it  was  thought  possible  to  orient  the  animal  in  the  direction  of 
pull.  The  results  were  negative  in  all  cases  but  one,  due  to  the 
fact  that  when  thus  disturbed  the  animal  would  become  rigid 
and  attach  tightly  to  the  substrate.  A  few  migrated  negatively 
and  one  gave  a  positive  response;  the  remainder  (out  of  40) 
attached. 

Several  experiments  were  performed  to  test  the  possibility  that 
a  locomotor  state  may  be  established,  or  at  least  oriented,  by 
direct  pull  of  one  part  or  another  separated  from  it  by  a  cut  in 
the  nervous  system.  Each  arm  of  a  rather  large  and  sluggish 
starfish  was  neurotomized  near  the  base  and  the  animal  was  set 
against  the  side  of  a  tall  aquarium,  with  its  former  anterior  down. 
The  rays  which  were  formerly  anterior  immediately  took  up 
locomotion  in  their  own  direction  helped  by  gravitation  and  the 
fact  that  I  occasionally  loosened  a  tightly  attached  tube  foot 
on  a  posterior  ray.  After  it  was  well  started  this  last  procedure 
was  unnecessary  and  locomotion  continued  down  the  side  until 
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the  disk  was  at  the  floor  of  the  aquarium.    At  this  point  the 
animal  assumed  the  rigid  state  and  would  crawl  no  farther. 

This  experiment  was  repeated  on  a  smaller  and  more  active 
specimen.  The  incisions  were  made  with  a  very  sharp  knife 
and  the  animal  was  handled  quickly  and  gently  without  re- 


FiQ.  5.  The  Deviation  Reaction 

When  in  position  1  the  animal  was  oriented  in  the  direction  of  the  lower  arrow. 
On  coining  against  the  obstacle  ''o"  the  tube  feet  of  each  ray  immediately, 
reorient  in  the  direction  indicated  by  the  arrows  at  the  tips  of  the  rays.  The 
animal  migrates  around  the  obstacle  and  goes  off  in  the  direction  of  the  upper 
arrow. 

moving  it  from  the  water.  Locomotion  dowii  the  side  was  more 
active  than  in  the  previous  experiment.  There  were  a  few  re- 
fractory tube  feet  but  these  were  pulled  loose  by  the  activity 
of  the  anterior  rays  and  soon  there  was  coordination  of  a  rather 
slow  and  vacillating  kind.    When  the  animal  reached  the  floor 
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it  was  so  well  oriented  that  it  migrated  across  the  bottom  and 
up  the  other  side. 

This  starfish  was  then  taken  up  and  stimulated  harshly  on  the 
various  rays.  When  it  was  set  down,  the  animal  assumed  the 
rigid,  tightly  attached  state  and  remained  so  for  some  tune  The 
rays  (a  and  c,  see  fig.  5)  that  became  active  first  were  not  con- 
tiguous. They  moved  about  in  their  sectors  at  random  all  the 
afternoon,  while  6,  d  and  e  remained  attached.  The  next  morn- 
ing the  starfish  was  in  a  moribund  condition  but  had  migrated 
across  the  aquarium  during  the  night. 

The  essentials  of  these  experiments  were  repeated  many  times 
with  minor  variations,  the  results  differing  between  the  two 
examples  cited. 

We  may  thus  safely  conclude  that,  while  there  is  no  neural  or 
"neuroid"  (Parker,  1919)  transmission  past  a  cut  in  the  am- 
bulacral  nervous  system,  there  may  be  a  certain  very  limited 
amount  of  coordination  between  parts  separated  by  such  a  cut 
and  that  this  coordination  is  brought  about  by  their  mutual 
relationship  to  the  substrate. 

INDIRECT  EVIDENCES  AS  TO  THE  FUNCTION  OF  PULL  IN 
COORDINATION 

As  has  been  seen,  the  active  but  unoriented  starfish  will  crawl 
in  five  separate  directions  with  each  of  its  five  rays,  when  these 
rays  are  placed  on  independent  substrate.  In  experimenting 
with  separate  flat  free  swingmg  substrata  a  certain  amount  of 
independence  and  divergence  in  direction  was  observed  between 
the  parts  on  the  separate  substrata. 

I  have  never  observed  any  continued  tendency  for  such  diver- 
gence of  migration  in  normal  starfish  with  all  of  the  rays  on  the 
same  substrate.  It  therefore  seems  to  me  that  the  factor  of  pull 
of  part  upon  a  part  must  have  a  r61e  in  the  orientation  of  the 
normal  starfish. 

A  study  of  the  "deviation  reaction"  whereby  an  animal 
avoids  an  obstacle  (fig.  5)  brings  out  several  points  of  interest 
illustrative  of  the  relation  of  mechanical  factors  to  coor- 
dination. 
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If  the  interradial  axea  a,  e  is  isolated  from  the  central  nervous 
system  by  deep  cuts  in  the  dorsal  and  ventral  myodermal  sheath 
the  animal  deviates  normally  and  without  any  increase  as 
measured  on  the  spring  recorder  of  the  push  exerted  during 
deviation. 

If  on  the  normal  actively  migrating  starfish  the  anterior 
interradial  area  is  stimulated  by  prodding,  in  such  a  way  as  not 
to  continuously  obstruct  the  animal's  progress,  there  wUl  be  no 
deviation  reaction  but  either  a  stoppage,  a  continuation,  or 
(rarely)  a  reversal  of  locomotion. 

Furthermore,  the  amount  of  push  which  the  animal  exerts 
during  the  deviation  decreases  if  the  friction  with  the  substrata 
is  lessened  by  placing  the  animal  on  sand;  and  increases  if  the 
friction  with  the  substrate  is  increased  by  putting  a  weight  upon 
the  animal.  These  observations  point  to  the  conclusion  that 
the  factors  of  the  deviation  reaction  have  to  do  with  the  mechani- 
cal relationship  of  animal  to  the  substrate  rather  than  with  re- 
flexes having  their  receptors  at  point  of  contact  with  the  obstacle. 

If  the  tips  of  one  of  the  rays  (Asterina)  instead  of  the  inter- 
radial dermis  comes  in  contact  with  an  obstacle  connected  with 
the  spring  recorder,  the  amount  of  pressure  that  it  takes  to  cause 
a  change  in  direction  does  not  vary  if  a  weight  is  put  on  the  back 
of  the  starfish.  The  value  is  about  2.5  grams  in  each  case.  As 
might  be  expected  from  the  configuration  of  the  nervous  system, 
this  shows  that  the  mechanism  of  the  deviation  reaction  is 
altogether  different  from  the  mechanism  involved  in  a  change  of 
direction  when  the  tips  of  the  rays  are  stimulated.  In  the 
latter  case  we  are  dealing  with  the  relatively  constant  threshold 
of  the  receptors  at  the  end  of  the  ray  while  in  the  deviation  re- 
action we  are  dealing  with  factors  that  vary  with  the  mechanical 
data  of  load  and  friction. 

In  order  that  the  obstacle  may  be  left  behind  in  the  deviation 
reaction,  there  is  usually  a  rotation  of  the  animal  of  at  least  70 
degrees.  The  animal  usually  recovers  from  this,  however,  for 
there  is  a  distinct  tendency  to  continue  crawling  in  the  same 
direction  as  before  the  disturbance,  even  if  the  action  involves 
an  actual  change  of  direction  back  from  one  assumed  as  a  result 
of  the  disturbance. 
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Coordination  of  the  tube  feet  of  the  rigid  starfish,  like  that  of 
the  gills,  is  a  simple  spread  of  extension  or  retraction.  It  is 
referable  hypothetically  to  a  simple  nerve  net.  Tube  feet  may 
orient  directly  toward  contact  stimuli  of  the  dermis  or  of  the 
tube  feet.  This  orientation  may  spread  to  the  whole  animal  and 
result  in  positive  locomotion. 

Tube  feet  near  the  ends  of  the  rays  of  active  but  unoriented 
specimens  are  oriented  toward  the  tips  of  those  rays  on  which 
they  are  situated.  With  the  rays  on  separate  substrata  each 
one  will  walk  toward  its  own  tip. 

Autotomy  of  a  non-adaptive  sort  is  due  to  a  pathological 
sluggishness  of  the  central  part  of  the  ambulacral  system.  The 
orientation  at  the  tip  of  each  ray  does  not  spread  through  the 
central  part  of  the  ambulacral  system.  The  result  is  that  each 
arm  pulls  in  its  own  direction  until  the  rays  part  company. 

Autotomy  may  be  adaptive  when  the  animal  is  caught  by  one 
ray,  and  frees  itself  by  pulling  away  from  the  imprisoned  arm. 
This  is  due  in  part  to  mechanical  orientation. 

Negative  locomotion  results  from  the  retraction  of  the  tube 
feet  on  the  ray  or  rays  stimulated.  Because  they  are  least 
affected  by  the  spread  of  this  retraction,  those  tube  feet  farthest 
away  resume  activity  first.  Their  orientation  spreads  to  the 
rest  of  the  animal  and  because  it  is  toward  the  tip  of  the  rays 
farthest  from  the  stimulus  the  resulting  locomotion  is  negative. 

The  same  factors  operate  in  governing  the  orientation  of  the 
locomotor  animal  that  initiate  this  orientation.  In  addition 
there  are  mechanical  factors  such  as  are  involved  in  the  deviation 
reaction. 

The  state  of  orientation,  in  some  types  of  the  righting  reaction, 
in  the  locomotor  starfish  with  a  curved  lateral  arm  and  in  the 
deviation  reaction  is  broken  up  into  areas  in  which  the  tube  feet 
are  oriented  in  different  directions.  This  is  highly  adaptive. 
A  possible  physiological  explanation  is  seen  in  the  traction  on 
the  tube  feet  resulting  from  the  movement  of  the  rays  over 
the  substrate.    Evidence  for  this  hypothesis  is    drawn  from 
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(1)  neurotomized  starfish,  (2)  starfish  with  the  rays  placed  on 
separate  substrates,  (3)  the  mechanics  of  the  deviation  reaction. 
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Abthub  F.  Hubst.  The  Psychology  of  the  Special  Senses  and  their 
Functional  Disorders.  Oxford  Medical  PublicationB..  London, 
1920,  pp.  123. 

These  Croonian  lectures,  delivered  before  the  Royal  College  of 
Physicians  in  1920,  present  the  results  of  the  author's  observation 
of  the  neuroses  of  soldiers  in  the  British  Army  diuring  the  recent  war. 
In  connection  with  these  observations,  certain  original  experiments  are 
also  reported,  directed  toward  a  better  understanding  of  the  psychology 
of  functional  sensory  disorders,  and  the  evaluation  of  certain  tradi- 
tional stigmata  of  hysteria.  Psychologists  wiU  enjoy  the  book  and  find 
it  extremely  suggestive.  It  deals  an  effective  blow  to  clinical  dogmsr- 
tism  and  medical  men  should  learn  from  it  the  danger  to  professional 
complacency  involved  in  tolerating  in  their  midst  a  man  with  a  sense 
of  scientific  method. 

In  the  first  section  the  concept  of  hysteria  is  considered.  The 
author  rejects  the  classical  distinction  between  permanent  stigmata 
and  temporary  symptoms.  Abnormal  suggestibility  ajs  an  essential 
hysteric  characteristic  is  also  rejected.  Hysteria  cannot  exist  in  the 
absence  of  actual  symptoms.  It  is  "the  condition  in  which  hysterical 
symptoms  are  present,"  these  being  defined  as  S3mQiptoms  resulting 
from  suggestion  and  curable  by  psychotherapy.  An  important  sjrs- 
tematic  point  is  involved  here,  and  it  would  be  interesting  to  know  how 
far  the  author  would  extend  it, — ^whether  a  similar  conception  would 
be  apphed  to  epilepsy,  for  example,  or  to  paranoia. 

Observations  of  "experimental  malingering"  before  and  after  spe- 
cific interrogation,  produced  reports  of  anesthetic  areas  similar  to 
those  regarded  as  typical  areas  of  h3n3terical  anesthesia.  In  addition 
to  the  results  of  suggestion  by  the  examiner,  emphasized  by  Babinski 
as  the  only  type  of  h3rsterical  anesthesia,  h3rsterical  anesthesias  of  an 
entirely  different  character  are  reported.  Such  anesthesia  is  often  a 
sequel  of  the  anesthesia  caused  by  some  organic  condition,  the  perpet- 
uation of  sensory  deficiencies  originating  in  a  condition  of  profound 
stupor  or  associated  with  paralyses  due  originally  to  peripheral  nerve 
injuries  and  diseases  or  injury  of  the  brain  and  cord;  or  they  may  be 
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consequent  upon  disuse  and  vaso-motor  spasm.  Such  anesthesias 
do  not  follow  the  lines  of  popular  anatomy  but  correspond  to  the  orig- 
inal areas  organically  affected.  Whether  they  are  perpetuated  or 
disappear  promptly  with  recovery  from  the  paralysis  depends  largely 
on  the  direction  of  the  patient's  attention  and  expectation  by  the 
interests  of  the  examiner,  the  mode  of  treatment,  and  the  impressive- 
ness  of  the  condition.  They  are  readily  cured  by  suggestion  and 
reeducaticto.    Typical  cases  are  cited. 

The  explanation  suggested  is  based  on  the  conception  of  perception 
as  an  active  process.  The  anatomical  basis  for  h3rsterical  anesthesia 
depends  on  the  removal  of  the  structural  foundations  of  the  psycho- 
logical act  of  attention,  probably  a  change  in  synaptic  resistance.  Func- 
tional anesthesia  is  therefore  due  to  inattention  to  the  sensory  areas 
involved.  Treatment,  whether  by  the  faradic  current  or  by  reeduca- 
tion, proceeds  essentially  by  leading  the  patient  to  redirect  his  attention. 

Observations  of  the  normal  range  of  variations  of  the  superficial 
reflexes  under  the  influence  of  such  physical  factors  as  temperature, 
repetition,  condition  of  the  bladder,  show  that  controversies  over  the 
behavior  of  these  reflexes  in  hysteria  are  due  largely  to  ignorance  of 
these  normal  variations.  Thus  the  disappearance  of  the  abdominal 
reflex  with  frequent  repetition  of  the  stimulus  was  experimentally 
shown  to  result  from  cooling  of  the  skin  rather  than,  as  is  conmxonly 
supposed,  from  fatigue. 

The  frequently  made  assertion  that  h3rsteria  never  leads  to  change  in 
deep  or  superficial  reflexes  is  refuted  by  showing  that  hjnsterical  anes- 
thesia may  be  associated  either  with  complete  bilateral  loss  or  with 
inequality  of  the  abdominal  reflexes.  Such  absence  or  inequality  of 
abdominal  reflexes  is  very  suggestive  of  organic  nervous  disease  only 
if  repeatedly  observed,  when  the  skin  of  the  abdomen  is  uniformly 
warm,  and  the  bladder  empty.  The  plantar  reflex  also  may  be  lost 
or  weakened  by  disuse  of  the  feet,  whether  due  to  organic  or  hysterical 
paralysis,  as  the  result  of  diminished  circulation  and  the  consequent 
cooling  of  the  skin. 

Measures  were  made  of  64  individuals  with  hysteric  symptoms  and  of 
170  healthy  individuals,  for  phaiyngeal  sensibility,  using  a  seven-step 
rating  scale.  Although  much  has  been  made  of  pharyngeal  anesthesia 
as  a  diagnostic  symptom  of  hysteria,  the  data  "show  conclusively  that 
pharyngeal  sensibility  is  no  more  deficient  in  individuals  suffering 
from  hysterical  aphonia  or  other  hysterical  symptoms,  such  as  paraly- 
ses, contractures,  fits,  blindness,  or  deafness,  than  in  individuals  who 
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Deither  are  suffering  nor  have  ever  suffered  in  this  way."  Distribution 
graphs  of  the  variations  in  pharyngeal  exciteability  in  the  various 
groups  are  given,  and  they  afford  a  neat  warning  of  the  danger  of  gener- 
alising either  individual  or  serial  clinical  findings,  so  long  as  they  are 
unchecked  by  control  observations. 

Cutaneous  hyperesthesia  when  it  occurs  in  h3n3teria,  it  is  suggested, 
is  based  on  excessive  attention,  and  is  readily  suggested  by  the  expec- 
tant examiner.  Even  in  other  conditions  the  areas  of  skin  involved  are 
much  less  constant  than  is  often  supposed.  Undue  or  unusual  atten- 
tion to  a  pain,  originally  organically  caused,  may  so  open  the  synapses 
of  the  paths  of  pain  conduction  that  an  acquired  sensibility  and  per- 
sistent hystericiJ  pain  may  result.  Such  hysterical  pain  cannot  be 
distinguished  from  pain  caused  by  organic  disease  by  its  character 
nor  by  the  absence  of  associated  phenomena.  But  it  may  be  relieved 
by  psychotherapy.  Being  so  cured,  and  caused  by  the  suggestion  of 
the  original  pain,  it  is  to  be  called  hysterical. 

The  two  longest  chapters  axe  given  to  hysterical  deafness  and  blind- 
ness. In  order  to  hear  one  must  listen;  to  see,  he  must  look.  Listening 
and  looking  are  active  adjustments  of  attention,  and  their  physical 
counterpart  ranges  from  the  adjustment  of  the  accessory  apparatus 
of  the  sense  organs  to  the  probable  extension  of  dendrites  which  brings 
into  more  intimate  connections  the  neurones  of  the  sensory  paths  con- 
cerned. After  temporary  deafness,  produced  by  concussion  or  disease, 
the  patient  may  ''cease  to  hsten"  and  therefore  cannot  hear.  This 
is  the  most  common  form  of  hysterical  deafness.  It  is  suggested  by 
the  original  deafness  and  can  be  cured  by  explanation.  Disturbance 
of  the  auditory-motor  reflex  in  such  cases  indicates  that  sub-cortical 
as  well  as  cortical  synapses  may  thus  acquire  faulty  habits,  and  the 
effect  may  be  so  profound  that  it  persists  during  sleep. 

Controlled  tests  show  that  "the  supposed  association  of  hysterical 
anesthesia  of  the  external  ear  with  hysterical  deafness  is  a  complete 
fallacy,  and  that  anesthesia  is  likely  to  occur  in  a  deaf  ear  if  looked  for, 
whether  the  deafness  is  organic  or  hysterical,  so  long  as  the  individual 
is  sufficiently  suggestible  and  not  too  well  educated."  Another  obser- 
vation, entirely  in  Kne  with  actual  measurements  reported  in  this 
country,  is  the  following:  "The  greater  frequency  of  grotesque  hys- 
terical S3maptoms  among  hospital  than  private  patients,  and  among 
private  soldiers  than  officers,  is  doubtless  due  to  the  greater  intelligence 
and  greater  development  of  the  critical  faculties  of  the  latter." 
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The  chapter  on  hearing  gives  a  series  of  illustrative  cases  and  is  full 
of  shrewd  observations  relating  to  h3n3terical  deafness,  its  psychological 
mechanism  and  treatment.  H3n3terical  h3rperaoeusis  is  explained  as 
due  to  a  mechanism  exactly  the  reverse  of  that  leading  to  hysterical 
deafness. 

The  account  of  hysterical  blindness  follows  a  general  pattern  similar 
to  that  of  hysterical  deafness.  Various  detailed  signs  which  have 
been  ''copied  from  one  book  to  another"  are  shown  to  have  no  signifi- 
cance or  to  be  pure  artefacts.  Compensatory  over-action  of  the 
frontalis  muscle,  when  effort  is  made  to  keep  the  eye  open,  is  seen  to 
be  of  no  value  in  differentiating  organic  from  hysterical  ptosis.  Babin- 
ski's  plat3rsma  sign  is  found  to  be  misleading.  Even  the  classical 
''retraction  of  the  field  of  vision/'  so  often  pronounced  a  "permanent 
stigma"  and  an  "emblem"  of  hsnsterical  sensibility,  is  shown  to  result 
from  the  narrowed  field  suggested  by  the  perimeter,  and  the  "spiral" 
fields,  hitherto  regarded  as  stigmata  of  h3n3tma,  are  determined  by 
the  technique  employed  in  using  the  perimeter.  Naive  subjects  in 
"experimental  malingering"  give  the  classical  pictures  also. 

Ilie  general  doctrine  of  hysteria,  the  synaptic  theory  of  anesthesia 
and  hyperesthesia,  and  disturbed  reflexes,  and  the  accoimt  of  the  r61e 
of  suggestibiUty  in  hysteria,  although  highly  interesting  and  valuable, 
do  not  seem  to  the  reviewer  to  be  the  most  striking  features  of  the 
book.  Its  most  valuable  feature  consists  in  the  exhibition  of  what  is 
hkely  to  happen  to  the  rules  of  thumb  of  medicine  when  an  investiga- 
tor, equipped  with  a  sense  of  scientific  method  undertakes  to  evaluate 
them.  The  book  marks  a  real  step  forward  in  neuro-psychiatry, — ^the 
substitution  of  the  canons  of  proof  for  the  word  of  the  master.  Such 
work  might  weU  be  carried  further  by  the  cooperative  work  of  neurolo- 
gists and  psychologists. 

H.    L.    HOLLINOWOBTH, 

Columbia  University. 
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COORDINATION  IN  THE  STARFISH 

HI.    THE  MGHTING  EEACTION  AS  A  PHASE  OF  LOCOMOTION 
(RIGHTING  AND  LOCOMOTION) 

W.  F.  HAMILTON 

The  righting  reaction  of  starfish,  because  it  involves  a  ''pur- 
posive''  or  '' adaptive"  act  that  may  be  reached  by  any  one  of  a 
number  of  systems  of  freely  combined  movements  has  received 
the  attention  of  many  experimenters.  Some  have  held  that  it  is 
the  product  of  simple  reflexes  while  others  have  preferred  to 
regard  it  as  the  manipulation  of  a  super-physical  '^entelechy'' 
diagnosed  by  the  fact  that  a  given  restdt  or  '^purpose''  may  be 
achieved  in  any  niunber  of  ways.  To  these  observers  the  right- 
ing reaction  is  a  connecting  link  between  reflex  behavior  and  the 
conduct  of  higher  forms.  A  brief  summary  of  the  literature  will 
sufllee  to  show  the  need  of  further  research. 

LITBRATUBE 

Vulpian  (1866)  from  cutting  experiments  assumed  a  righting 
center  in  the  nerve  ring.  Krukenberg  (1881)  denied  the  exist- 
ence of  such  a  center  for  certain  species  but  admitted  it  for  others. 
Romannes  and  Ewart  (1881)  described  the  righting  of  normal, 
transected  and  neurotomized  specimens  but  did  not  analyze  it 
on  a  physiological  basis.  Preyer  (1886)  made  a  careful  study  of 
the  righting  reaction  and,  on  account  of  its  extreme  variability 
and  the  closeness  with  which  it  adapts  itself  to  environmental 
circumstances,  came  to  the  conclusion  that  it  had  a  basis  of  intel- 
ligence served  by  anatomical  centers. 

Jennings  explains  righting  by  appealing  to  a  unified  impulse 
which  is,  by  implication,  the  same  as  that  which  determines  loco- 
motion. He  lists  seven  types  of  righting  reaction,  each  capable 
of  many  minor  variations,  and  a  large  number  of  environmental 
and  internal  factors  that  may  determine  the  type  of  reaction 
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According  to  this  author  the  variability  of  the  reaction  is  an  index 
to  the  complexity  of  the  factors  which  govern  it;  and  an  analysis 
of  these  factors  is  wholly  beyond  the  scope  of  present  physiology. 

Cole  (1913a)  admits  the  function  of  a  unified  impulse  in  the 
righting  reaction^  but  contends  that  since  its  direction  is  not 
related  to  the  direction  of  locomotion  before  and  after  the  right- 
ing reaction,  it  is  not  determmed  by  continuation  of  the  loco- 
motor impulse. 

Loeb  (1900)  attributes  righting  to  positive  stereotropism  of  the 
tube  feet  such  that  when  they  are  not  in  contact  with  the  sub- 
strate they  feel  about  at  random  imtil  they  touch  it  and  then 
start  pulling  the  animal  over.  The  stimulus  produced  by  the 
pulling  of  two  or  three  arms  in  the  same  direction  has  an  inhibi- 
tory effect  on  the  other  arms. 

In  addition  to  this  inhibition,  according  to  Moore  (1910a  and  b) 
there  is  an  active  codrdination  of  the  arms  which  becomes  weaker 
as  it  spreads  to  the  arms  more  distant  from  those  initiating  the 
righting.  A  common  or  normal  method  of  righting  is  distin- 
guished in  which  two  adjacent  rays  twist  their  ventral  sides 
toward  each  other.  This  may  be  modified  by  '^  (1)  inequalities  in 
the  length  of  the  arms,  (2)  injuries  to  certain  arms,  and  (3)  any 
initial  twist  an  arm  may  have  due,  to  its  position  before  the  ani- 
mal was  laid  on  its  dorsal  side."  These  modifications  are  said  to 
account  for  the  seven  types  of  righting  reactions  described  by 
Jennings,  1907.  Moore  states  emphatically  that  the  righting  is 
not  due  to  stimulation  of  the  dorsal  sheath,  but  is  initiated  by 
the  chance  contact  of  the  tube  feet  with  the  substrate.  His 
description  (1918)  of  the  movements  of  the  tube  feet  before  at- 
taching savors  somewhat  of  trial  and  error,  and  is  not  congruent 
with  his  statement  (1910a  and  b)  that  there  is  a  common  or  nor- 
mal method  of  righting  which  most  starfish  use. 

After  studying  the  movements  of  starfish  in  response  to  strych- 
nine and  nicotine,  Moore  (1916,  1917,  1918  and  1920a)  comes 
to  the  conclusion  (1920b)  that  random  movements  are  not  a  real 
part  of  the  righting  reaction,  but  that  it  is  the  necessary  result  of 
reflexes  whose  receptors  are  in  the  dorsal  sheath  of  each  ray  I 
In  this  analysis  he  leaves  out  of  accoimt  entirely  the  "  common  or 
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normal  way"  in  which  starfish  right  themselves  and  the  reasons 
why  two  rays  will  simultaneously  twist  so  that  their  ventral  sides 
face  each  other  (1910a).  According  to  this  paper  (1920b)  dor- 
sal flexures  play  the  important  r61e  in  the  righting  reaction, 
whereas,  previously,  like  most  other  observers,  he  neglected  these 
dorsal  flexures  altogether  and  held  that  the  righting  reaction  was 
initiated  by  lateral  twistings  of  certain  arms.  Astropeden  is  the 
only  starfish  reported  (Romannes  and  Ewart,  1881),  so  far  as  I 
know,  that  initiates  its  righting  reaction  by  means  of  dorsal 
flexures  of  the  rays. 

In  the  light  of  previous  studies^  of  this  series  the  following  anal- 
ysis of  the  righting  action  is  presented  in  terms  of  the  relation  of 
the  movements  of  the  arms  to  those  movements  of  the  tube  feet 
which  are  involved  in  locomotion. 

ILLUSTRATIONS  OF  THE  TENDENCY  OF  THE  ARM  TO  SET  ITSELF   AT 
RIGHT  ANGLES  TO  THE  DIRECTION  OF  ORIENTATION 
OF  ITS  TUBE  FEET 

If  an  active  starfish  is  suspended  and  a  solid  object  is  brought 
in  contact  with  the  tip  of  one  of  the  rays  there  will  be  an  active 
orientation  of  the  tube  feet  toward  the  tip  of  the  ray.  This  will 
be  followed  almost  immediately  by  a  dorsoflexion  of  the  tip  of 
the  ray  (figs.  1  and  2).  The  ray  can  be  said  to  set  itself  more 
nearly  at  right  angles  to  the  actively  oriented  tube  feet.  This 
dorsoflexion  will  not  follow  such  stimulations  of  the  tip  of  the 
ray  as  result  in  retraction  of  the  tube  feet.  It  is  a  product  of 
local  reflexes  for  it  will  occur  in  an  amputated  ray. 

If  a  tube  foot  in  the  middle  of  a  ray  is  allowed  to  attach  to  an 
object  and  the  object  is  then  pulled  to  one  side,  the  tube  foot  with 
it,  the  other  tube  feet  will  also  move  out  to  the  same  side  and 
seemingly  reach  out  for  the  object  to  which  the  tube  foot  is 
attached  (see  second  study  of  this  series).  Now,  if  a  suflScient 
nimiber  of  tube  feet  become  orientated  in  this  manner  there  will 
be  a  lateral  twist  of  the  ray  toward  the  object  (fig.  3)  •  Here  again 
the  ray  can  be  said  to  set  itself  more  at  right  angles  to  the  orienta- 
tion of  its  tube  feet,  by  lateral  as  well  as  by  dorsal  movement 
(see  also  Jennings,  1907,  page  93). 

^Journal  of  Ck>mparative  Psychology,  Vol.  1,  December,  1921,  pp.  473-488; 
Vol.  2,  pp.  61-73. 
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Fig.  1.  Tip  of  thb  Starfish  Rat  Being  SmfULATBD  bt  Gentub  Contact 


Fig.  2.  Afteb  Stimulation  as  in  Figttbb  1 

The  tube  feet  become  actively  oriented  toward  the  tip  of  the  ray  and  the 
ray  sets  itself  more  nearly  at  right  angles  to  the  oriented  tube  feet  by  a  dorsal 
movement. 


Fig.  3.  The  Txtbb  Feet  abb  Causbd  to  Orient  to  the  Sidb  bt  Contact 

Stimttlation 

The  ray  sets  itself  more  nearly  at  right  angles  to  the  direction  of  their  orienta- 
tion by  a  lateral  twisting. 


Fig.  4.  The  Tube  Feet  Above  and  Below  the  Celluloid  Plate  Abb 
Oriented  Toward  It 

The  ray  sets  itself  move  nearly  at  right  angles  to  the  direotion  of  their  orienta- 
tion by  both  dorsal  and  ventral  bending. 
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The  slender  axmed  species  of  starfish  {Evasterias  troschelii)  was 
suspended  and  a  flat  piece  of  celluloid  was  swung  by  a  thread  to 
the  ventral  side  of  one  of  the  rays.  The  tube  feet  which  were 
oriented  toward  the  tip  of  the  ray  immediately  seized  the  object 
and  ''walked^'  it  in  the  direction  of  the  disk.  This  involved  the 
orientation  toward  the  object  of  several  tube  feet,  both  above  and 
below  it  and  the  bending  of  the  ray  so  as  to  receive  the  object 
in  a  sort  of  hollow  (fig.  4).  The  tube  feet  in  contact  are  of  course 
undergoing  the  step  reflex,  but  above  and  below,  where  the  tube 
feet  are  all  directed  toward  the  object  it  can  be  said  that  the  ray 
tends  to  set  itself  more  at  right  angles  to  the  orientation  of  the 
tube  feet  upon  it.  An  illustration  of  this  principle  has  been  de- 
scribed by  Jennings  (1907)  and  Mangold  (1908a)  in  the  humping 
up  of  a  ray  in  the  region  of  a  morsel  of  food  which  is  being  carried 
by  the  tube  feet  toward  the  mouth. 

If  the  tube  feet  are  not  oriented  at  all,  as  in  case  of  the  rigid 
starfish  which  has  been  inverted  or  a  starfish  that  has  been  sus- 
pended ventral  side  down  and  left  undisturbed  for  a  long  time,  a 
ventral  flexion  of  all  the  rays  is  apt  to  follow.  In  case  the  sus- 
pended starfish  is  touched,  however,  there  will  be  dorsal,  ventral 
or  lateral  movements  of  the  rays  depending  upon  which  way  the 
tube  feet  have  been  caused  to  orient.  Touching  the  dorsal  sheath 
of  the  ray  (Moore,  1920b)  activates  the  tube  feet  on  that  ray 
(Romannes  and  Ewart,  1881)  and  since  their  normal  orientation 
is  toward  the  tip  of  the  ray  there  will  be  a  dorsal  flexure  as  in 
figures  1  and  2. 

The  activity  of  the  tube  feet  may  spread  to  those  of  other  rajrs 
and  be  followed  by  movements  of  the  rays  themselves,  which  will 
be  analyzed  later  as  a  part  of  the  righting  reaction. 

The  ventroflexion  of  the  rigid  starfish  (inverted)  is  more  or  less 
analogous  to  the  state  described  by  Preyer  (1886),  Greenwood 
(1890)  and  Moore  (1920a)  as  a  result  of  nicotine  poisoning  and 
which  I  have  confirmed  for  Pisaater.  The  cWef  difference  seems 
to  be  that  the  tube  feet  of  the  nicotinized  Pisaater  are  completely 
retracted  while  those  of  the  rigid  animal  show  a  certain  amount  of 
extension  but  no  particular  orientation*  The  strength  of  the 
spasm  is  greater  in  the  nicotinized  animal. 
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The  righting  movements  of  the  nicotinized  starfish  whose  tube 
feet  are  wholly  retracted,  as  described  by  Moore  (1920b)  empha- 
size the  fact  that  the  tube  feet  do  not  have  to  be  extended  to  be 
oriented.  The  mechanisms  of  extension  and  of  orientation  are 
wholly  independent  (see  second  paper  of  this  series).  Upon  ex- 
amining Pisaater  in  the  act  of  righting  one  often  sees  the  tube 
feet  bent  in  a  certain  direction  but  not  extended  out  of  the  ambu- 
lacral  furrow. 

INTERPRETATION  OF  THE  RIGHTING  REACTION  AS  A  PHASE 
OF  LOCOMOTION 

In  general  terms  I  believe  that  the  righting  reaction  is  an  alter- 
native phase  of  locomotion.  If  an  actively  migrating  starfish 
is  inverted  the  tube  feet  extend  out  in  the  direction  of  their  orien- 
tation (fig.  5).  In  this  state  they  are  ready  to  give  the  step 
reflex  upon  contact  stimulation.  There  are  reflex  connections 
between  some  part  of  the  ambulacral  nervous  system  and  the 
myodermal  sheath  which  act,  in  case  the  step  reflex  is  not  initiated 
by  contact  stimulation,  in  such  a  way  that  the  ray  by  twisting  or 
bending  or  both,  sets  itself  more  nearly  at  right  angles  to  the 
direction  of  orientation  of  the  tube  feet.  Thus  the  rays  6,  c,  d 
(fig.  6)  rise  orally  and  bend  over  toward  the  anterior  rays  a,  e. 
The  latter  twist  toward  each  other  and  bend  down.  This  brings 
their  tube  feet  in  contact  with  the  substrate  and  initiates  the 
step-reflex.  Because  the  tips  of  these  rajrs  are  doubled  under,  the 
direction  of  their  migration  is  toward  the  disk.  The  righting  is 
then  completed  as  in  figure  7. 

The  tube  feet  have  been  regarded  by  most  previous  writers  as 
taking  hold  of  the  substrate  and  pulling  the  animal  over.  Obser- 
vations of  the  reactions  as  it  occurs  on  sand  show  that  this  pulling 
is  not  a  fundamental  or  necessary  part  of  righting.  The  step 
reflexes  of  the  tube  feet  on  coining  in  contact  with  the  sand  are 
very  vigorous.  The  disks  plough  back  through  the  sand  and 
scatter  the  grains  to  a  distance  of  two  centimeters.  The  miove- 
ments  thus  started  continue  until  the  initiating  rays  have  moved 
back  under  the  disk  and  the  other  rays  have  moved  up  over  the 
disk  far  enough  to  over-balance  the  animal  and  complete  the 
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FiQ.  5.  Beginning  of  thu  Righting  Rxaction  or  an  Obibntbd  SpaaicBN 


Fig.  6.  The  Right  Reaction  or  an      Fig.  7.  Latbb  Stage  in  the  Righting  Reaction 
Obiented  Specimen  Contintted  of  an  Oriented  Specimen 

In  figures  5,  6  and  7,  it  will  be  noted  that  the  arms  so  bend  as  to  set  themselves 
more  at  right  angles  to  the  direction  of  orientation  of  the  tube  feet.  Direction 
of  locomotion  previous  to  inverting,  toward  a,  c. 
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somersault.  The  animal  does  not  pvU  itself  over;  it  walks  itself 
over. 

Pulling  is,  however,  a  normal  part  of  the  righting  reaction  as  it 
occurs  on  a  solid  substrate.  It  is  also  a  part  of  the  step  reflex  and 
since  attachment  increases  with  the  resistance  to  the  step  (pull) 
(see  first  paper  of  this  series)  and  the  resistance  to  the  step  in  the 
initiation  of  the  righting  reaction  is  considerable  it  follows  that 
attachment  is  correspondingly  tight  and  that  pulling  is  the  most 
noticeable  activity  of  the  tube  feet.  But  the  pulling  is  only  a 
phase  of  the  step  reflex  and  the  step  reflex  is  the  important  thbig. 

If,  then,  the  righting  movements  of  the  arms  are  dependent 
upon  the  initial  stages  of  the  step  reflex  (oriented  tube  feet)  and 
the  righting  movements  of  the  tube  feet  are  slightly  modified  step 
reflexes,  righting  is  itself  but  a  phase  of  locomotion. 

Moore  (1920b),  however,  contends  that  ''The  excitation  of  the 
sensory  cells  of  the  dorsal  sheath  initiates  dorsal  flexure  of  the 
ray."  If  this  excitation  of  the  dorsal  sheath  is  an  essential  part 
of  the  righting  reaction,  as  Moore  would  have  it,  the  righting 
reaction  is  more  than  a  phase  of  locomotion.  In  his  earlier  writ- 
ings Moore  cites  experiments  to  show  that  such  stimulations  play 
no  part  in  the  reaction.  Preyer  (1886)  and  Loeb  (1900)  got 
righting  reactions  from  animals  suspended  free  of  the  substrate 
and  hence  not  in  a  position  to  receive  stimulation  of  the  dorsal 
sheath. 

When  a  starfish  is  suspended  by  the  disk  it  does  not  make  active 
dorsal  flexures  as  a  result  of  the  stimulation  of  the  myodermal 
sheath  in  the  region  of  the  disk  (Moore,  1920).  However,  when 
an  actively  migrating  animal  is  picked  up  gently  by  the  disk  and, 
without  removing  it  from  the  water  or  stimulating  it  imneces- 
sarily,  is  balanced  on  the  top  of  a  slender  beaker,  a  perfectly 
normal  righting  reaction  begins  and  continues  until  the  animal 
reaches  such  a  posture  (fig.  8)  that  it  falls  off  the  beaker.  The 
rays  a,  e,  which  were  anterior  during  locomotion  bend  toward 
each  other  and  down.  The  other  rayB  bend  up  and  toward  a,  e. 
The  arms  follow  out  in  every  respect  the  movements  with  regard 
to  the  orientation  of  the  tube  feet,  just  as  they  usually  do  in  the 
normal  righting  reaction. 
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Contact  stimulation  of  the  dorsal  side  of  the  ray  or  of  the  tube 
feet  themselves,  therefore,  is  not  a  necessary  part  of  the  righting 
reaction.  The  reaction  is  not  brought  about  by  codrdinating  and 
inhibiting  impulses  sent  out  from  tube  feet  stimulated  by  con- 
tact. It  is  rather  an  alternative  phase  of  the  locomotor  state 
that  is  manifest  when  the  tube  feet  are  not  stimulated  to  execute 
the  step-reflex. 


Fig.  8.  Thb  Righting  Reaction  as  it  Occtubs  when  an  Obubnted  Spbciiibn 
18  Balanced  on  a  Slbndeb  Bbaxbb  with  Only  the  Disk  RscBiviNa 
Contact  StimuxiAtiok 

Direction  of  locomotion  previous  to  inverting  toward  a,  e 

In  case  the  animal,  when  it  is  inverted  is  not  oriented,  the  right- 
ing reaction  is  not  well  organized  at  first.  Complete  orientation 
has  to  be  established  before  the  animal  will  right  harmoniously. 
These  ''false  starts''  are  divided  by  Jennings  (1907)  into  six 
varieties,  which  together  with  the  method  just  described  gives 
seven  different  tyi)es  of  righting  reactions  recognized  by  this 
author.  The  false  starts  may  be  divided  into  two  classes:  (1), 
in  which  one  ray  initiates  the  righting;  (2),  when  more  than  two 
rays  attach  in  righting. 
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If  one  ray  initiates  the  righting  of  a  normal  starfish  with  no 
initial  twist  of  the  arms,  it  is  usually  because  the  initiating  ray 
was  anterior  before  the  animal  was  inverted  and  the  other  rays 
lift  up  ventrally  as  soon  as  they  are  free  of  the  substrate.  This 
occurs  very  rarely. 

More  than  two  rays  sometimes  attach  when  the  animal  (nor- 
mal and  with  no  initial  twist  to  the  rays)  is  not  fully  oriented  be- 
fore being  inverted.  This  is  due  to  the  tendency  which  each 
ray  possesses  (on  the  imoriented  animal)  to  migrate  in  the  direc- 
tion of  its  own  tip  (see  second  paper  of  this  series)  and  a  conse*- 
quent  dorsoflexion  following  the  orientation  of  the  tube  feet. 

This  type  of  false  start  may  be  recovered  from:  (1)  by  the  spread 
of  orientation  from  one  or  two  rays  over  the  whole  animal  or  (2) 
the  subdivision  of  the  animal  into  areas  in  which  the  tube  feet 
are  oriented  in  different  directions.  This  last  activity  was  studied 
in  the  second  paper  of  this  series  and  it  was  suggested  tentatively 
that  the  peculiarly  adaptive  disco6rdination  in  this  and  other 
reactions  might  be  due  to  the  pull  of  part  upon  part,  acting 
through  the  substrate.  The  animals  "  entelechy"  (Driesch,  1908) 
is,  so  to  speak  its  substrate. 

In  case,  however,  the  orientation  spreads  back  from  one  or 
two  Tsys  over  the  whole  animal  we  have  a  release  of  those  rajrs 
which  are  attached  disharmonically  and  a  bending  of  them  over 
toward  the  rays  used  in  righting. 

The  movements  upward  of  the  arms  we  have  seen  are  not  due 
to  the  spread  of  coordinating  impulses  from  the  stimulated  con- 
tact receptors  of  the  initiating  rays.  Nor  do  I  befieve  that  the 
release  of  the  tube  feet  on  these  arms  is  a  result  of  inhibitions  sent 
out  from  the  initiating  rajrs.  When  the  orientation  of  the  initia- 
ting rays  spreads  back  to  the  rays  which  are  attached  dishar- 
monically and  tug^ng  in  the  direction  of  their  own  tips,  there  is 
an  almost  complete  reversal  of  the  orientation  of  their  tube  feet. 
Because  the  step  reflex  involves  release  in  the  latter  part  of  the 
backsweep,  the  tube  feet  of  the  arms  in  question  release  as  soon 
as  their  orientation  reverses  and  the  arm  turns  up  and  over  toward 
the  initiating  rays.  The  inhibition  of  attachment  is  thus  a  phase 
of  the  step  reflex  rather  than  a  discrete  part  of  the  righting 
reaction. 
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Cole  (1913a)  concluded  from  twenty-four  observations  that  the 
direction  of  locomotion  before  and  after  inverting  a  starfish  was 
opposite  the  direction  of  righting.  A  careful  study  of  his  table 
shows,  however,  that  the  difference  between  the  directions  of 
locomotion  before  and  after  righting  is  0.7  interradius  for  the 
average  of  his  observations.  This  he  speaks  of  as  no  difference 
at  all  when  he  says  that  the  starfish  migrate  after  righting  in  the 
same  general  direction  as  they  did  before  righting.  We  also  find 
that  the  difference  in  direction  between  the  arms  used  in  righting 
and  those  that  were  anterior  before  inverting  is  1.5  interradius 
Cole  concludes  that  the  starfish  right  in  the  opposite  direction 
from  that  in  which  they  crawl.  This  statement  is  somewhat 
exaggerated  since  the  deviation  is  only  about  twice  what  he  con- 
siders no  deviation  at  all  (0.7  interradius)  and  only  three-tenths 
of  the  circumference  of  the  animal. 

To  clear  up  the  relationship  between  the  physiological  anterior 
and  the  arms  used  in  righting,  seventy-five  experiments  were  made 
with  twenty-six  starfish  (twenty  Piaaster  and  six  Aaterina).  The 
starfish  were  in  active  locomotion.  Manipulation  was  as  gentle 
as  possible,  the  animal  being  picked  up  by  the  disk  and  inverted 
quickly  without,  in  most  cases,  lifting  it  above  the  surface  of  the 
water.  Directive  factors  in  the  surroundings  such  as  lights  areas 
of  shadow,  etc.,  were  excluded  by  rotating  the  animal  in  successive 
trials. 

Records  were  taken  of  the  direction  of  locomotion  and  of  the 
arms  which,  after  being  inverted,  the  animal  first  twisted  and 
bent  down  toward  the  substrate.  These  two  findings  were  com- 
pared and  the  shift  in  either  direction  of  the  leading  rays  was 
recorded.  Its  average  (sixty-four  records)  proved  to  be  0.38 
interradius. 

The  rays  that  turned  down  first  were  not  always,  of  course,  the 
same  as  those  the  animal  used  in  righting.  The  rays  used  in 
righting  were  recorded.  The  shift  between  the  rays  anterior  in 
locomotion  before  inverting  and  the  rays  used  in  righting  proved 
to  average  (sixty-two  observations)  0.6  interradius.  The  dif- 
ference between  this  shift  and  that  recorded  by  Cole  (1.5  inter- 
radius) is  probably  a  fimction  of  careful  handling  and  the  use  of 
a  larger  niunber  of  representative  specimens. 
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The  shift  recorded  in  the  same  way  between  the  directions  of 
locomotion  before  and  after  righting  proved  to  be  0,57  interradius 
(forty-four  observations).  After  righting,  the  anterior  shifts 
slightly  back  toward  its  original  direction  because  the  average 
shift  after  righting  is  less  than  during  righting.  This  shows  more 
markedly  in  the  averages  drawn  from  Cole's  table. 

The  return  of  the  anterior  toward  its  original  direction  is  an  ex- 
ample of  the  tendency  which  we  have  noticed  in  connection  with 
the  deviation  reaction  (see  second  study  of  this  series)  for  the 
direction  of  OTientation  to  return  to  its  original  status  even  after 
having  been  actively  oriented  in  some  other  direction. 

Cole  (1913a)  has  shown  very  conclusively  that  the  impulse  to 
locomote  tends  to  keep  the  same  general  direction  even  after 
the  starfish  has  been  taken  up  and  held  inverted  by  the  disk  until 
the  rays  drooped  aborally,  and  set  down  again  in  a  non-directive 
chamber.  The  tendency  to  keep  in  the  same  direction  was  of 
course  only  general  as  there  was  also  a  rotation  of  the  anterior 
toward  the  right  or  toward  the  left  ^nd  certain  aberrant  devia- 
tions of  from  one-half  to  two  and  a  half  interradii,  occurring  quite 
frequently.  In  counting  up  these  deviations  from  Cole's  table  3 
it  was  foimd  that  they  amounted  to  a  sum  total  of  217  interradii 
in  four  hundred  and  ninety-nine  triab.  This  amounts  to  a  shift 
of  0.43  interradius  per  trial  which  is  quite  ccnnparable  quantita- 
tively with  the  figures  (0.38,  0.60,  0.57  interradii)  obtained  from 
the  status  of  the  direction  of  orientation  throughout  the  righting 
reaction. 

The  fact  that  orientation  persists  in  one  direction  during  the 
righting  reaction,  to  a  degree  quantitatively  comparable  to  ice 
persistence  in  ordinary  locomotion  (Cole)  is  additional  evidents 
that  righting  is  a  phase  of  locomotion. 

The  righting  reaction  can  not  be  said  to  be  a  manifestation  of 
positive  stereotropism  of  the  tube  feet  because  the  determining 
factor  is  not  contact  excitation  of  these  organs  but  rather  the 
phjrsiological  orientation  of  the  starfish.  A  state  of  affairs  exists 
in  the  central  nervous  system  which  determines  the  direction  in 
which  the  tube  feet  are  protruded  and  hence  the  direction  of 
locomotion.  This  same  state  of  affairs  determines  the  movements 
of  righting. 
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The  righting  reaction  is  determined  by  the  locomotor  orienta- 
tion of  the  starfish  and  not  by  contact  excitation.  It  is  hence  a 
phase  of  locomotion  and  not  an  example  of  stereotropism. 

The  movements  of  the  arms  are  explained  on  the  assumption 
of  reflex  connections  by  which  the  arms  are  bent  or  twisted  more 
nearly  at  right  angles  to  the  direction  of  orientation  of  the  tube 
feet. 

Evidence  for  this  attitude  is  drawn :  (1)  from  an  analjrsis  of  the 
movements  of  the  tube  feet  and  arms;  (2)  from  an  analysis  of  the 
righting  reaction  when  the  tube  feet  are  prevented  from  attaching 
by  inverting  the  animal  on  sand;  (3)  from  the  fact  that  contact 
excitation  of  the  dorsal  myodermal  sheath  is  not  an  essential 
part  of  the  righting  reaction,  and  (4)  from  the  fact  that  the 
direction  of  orientation  persists  during  the  righting  reaction  to  a 
degree  quantitatively  comparable  to  its  persistence  in  ordinary 
locomotion  (Cole,  1913a). 
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THE  CONGENITAL  SEXUAL  BEHAVIOR  OF  THE 
YOUNG  MALE  ALBINO  RAT 

CALVIN  P.  STONE* 
University  of  Minnesota 

INTBODUCnON 

1.  Purpose  of  investigation 

The  general  use  of  experimental  technique  in  the  study  o£ 
congenital  behavior  of  lower  and  higher  animals  reflects  a  grad- 
ually changing  trend  of  psychological  interest  in  this  subject. 
Interest  is  shifting  from  problems  centered  in  the  determination 
of  significant  relationships  between  conscious  and  organic  proc- 
esses to  those  defining  units  of  response  and  analyzing  the  stimuli 
by  which  they  are  activated.  As  yet,  however,  in  the  field  of 
animal  psychology,  investigation^  of  congenital  behavior  have 
not  been  sufficiently  intensive  to  give  a  complete  account  of 
either  the  overt  patterns  of  activity  or  the  activating  stimuli. 
They  have  furthered  an  understanding  of  lin[uted  aspects  of 
particular  responses,  giwn  valuable  suggestions  along  lines  of 
methodology,  and  copiously  illustiiated  the  erroneous  nature  of 
many  of  the  older  conceptions  concerning  native  behavior; 
but,  in  general,  the  scope  of  these  accounts  is  too  lin[uted  to  place 
our  knowledge  of  the  subject  as  a  whole  on  a  fundamental  work- 
ing basis.  For  this  reason  there  is  need,  at  the  present  time,  of 
comprehensive  studies  of  fundamental  types  of  native  behavior. 
Intensive  studies  will  yield  data  that  may  be  used  as  guides  in 
the  reorganization  and  expansion  of  current  views  of  these 
activities. 

For  the  advancement  of  the  science  of  animal  behavior, 
there  is  need  of  intensive  genetic  studies  of  complex  patterns  of 
native  behavior  to  ascertain  the  life  histories  of  both  the  constitu- 
ent elements  and  the  patterns  as  wholes.    With  respect  to  the 

1 1  wish  hereby  to  acknowledge  my  indebtedness  to  Dr.  K.  8.  Lashley  at  whose 
suggestion  and  under  whose  direction  this  experiment  was  conducted. 
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nature  of  activating  stimuli  our  knowledge  is  very  incomplete. 
For  the  most  part  investigators  have  dealt  with  the  external 
stimuli  alone.  They  have  overlooked  the  internal  factors. 
Now,  to  really  imderstand  the  activation  of  native  patterns  of 
response,  it  is  necessary  to  take  the  latter  into  accoimt  as  well; 
for  the  external  stimuli  merely  discharge  the  elaborate  and  com- 
plex neuromuscular  and  glandular  mechanisms  pre-organized 
by  the  action  of  potent  internal  factors  operating  within  the 
organism.  A  preliminary  survey  of  the  internal  factors  operat- 
ing would  seem  to  indicate  that  at  least  two  distinct  types  can 
be  recognized.  There  is  a  group  which  underlies  the  develop- 
ment and  integration  of  the  neuro-muscular  and  glandular  mecha- 
nisms, and  another  that  serves  to  keep  the  mechanisms  in  a  state 
of  readiness  for  response  to  particular  patterns  of  external 
stimulation. 

The  field  of  congenital  sexual  activity  offers  a  favorable  oppor- 
tunity for  an  intensive  and  comprehensive  study  of  a  tjrpe  of 
behavior  both  typical  and  universal.  It  is  a  type  which  may  be 
satistactorily  studied  in  the  ordinary  laboratory  animals;  and  it 
should  yield  data  of  both  theoretical  and  practical  importance 
for  many  general  phases  of  congenital  activity.  On  this  account 
congenital  sexual  behavior  was  subjected  to  experimental  study 
in  this  investigation.  The  study  is  concerned  primarily  with  the 
copulatory  act  of  the  young  male  albino  rat. 

On  the  whole  the  rat  is  a  very  satisfactory  animal  for  observa- 
tion in  a  study  of  sexual  behavior.  It  thrives  well  m  confine- 
ment, becomes  sexually  mature  in  a  relatively  short  time  (sixty 
to  ninety  days),  and  displays  its  sexual  behavior,  under  appro- 
priate stimulation,  throughout  the  entire  year.  The  copulatory 
act  of  the  animal  is  one  that  may  be  studied  from  many  aspects. 
Its  appearance  in  post-natal  life  is  late  enough  to  make  possible 
a  genetic  study  of  its  development;  and  it  persists  throughout  a 
span  of  the  rat's  life  sufficiently  long  to  enable  one  to  observe 
the  alterations  with  age,  experience,  and  modified  conditions 
of  the  general  metabolism. 

In  this  paper  an  attempt  will  be  made  to  set  forth  salient  data 
concerning:  (1)   The  constituent  elements  of  the  copulatory 
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pattern  of  activity  and  the  serial  and  functional  relationships 
they  manifest,  and  (2)  the  kinds  of  external  stimuli  adequate  to 
initiate  the  copulatory  act  and  the  manner  in  which  their  influ- 
ences are  mediated  through  the  receptors.  In  a  subsequent  paper 
data  bearing  upon  internal  factors  underlying  sexual  fimctions 
will  be  presented. 

S.  Previatis  atvdiea  of  aexiud  behavior 

It  will  be  of  value  to  consider  briefly  the  experimental  studies 
of  sexual  behavior  of  the  rat  and  those  of  other  animals,  as  well, 
which  have  a  direct  bearing  on  the  present  study.  This  litera- 
ture will  be,  therefore,  the  subject  of  immediate  consideration. 

Banta  Cl4)  gives  an  excellent  account  of  the  mating  of  the 
wood  frog.  Any  moving  object  which  came  within  the  radius 
of  several  feet  attracted  the  male  and  caused  pursuit.  Mascu- 
line aggression  was  increased  or  lessened  by  the  response  of  the 
object  clasped.  The  vigorous  struggles  of  a  male  when  clasped 
by  another  male  were  followed  by  relaxation  of  the  clasp  and 
dismounting  of  the  latter.  Frequently  several  males  were 
seen  competing  for  a  single  female.  If  one  succeeded  in  getting 
into  a  favorable  position  on  the  back  of  the  female  and  fixed 
his  forelimbs  firmly  about  her  he  usually  succeeded,  by  vigorous 
kicks  of  the  hind  legs,  in  forcing  other  competitors  to  release 
their  holds.  Sexual  excitement  reached  its  highest  pitch  at 
52°F.  and  was  ahnost  wholly  wanting  at  45°F. 

The  conjugation  of  the  crayfish  was  studied  by  Andrews 
('14).  He  made  a  very  detailed  analysis  of  the  pattern  of  copu- 
latory acts.  Seventeen  distinct  elements  were  discovered. 
Apparently  the  first  elements  of  the  pattern  were  set  off  by  purely 
local  stimuli  afforded  by  other  crayfish  in  the  immediate  presence 
of  the  male.  Through  the  amputation  of  bodily  structures  the 
author  tried  to  ascertain  to  what  extent  the  later  elements  of 
the  act  would  appear  without  complete  expression  of  the  pre- 
ceding elements.  It  was  foimd  that  the  later  elements  were 
carried  on  with  as  much  precision  as  the  animal's  imperfect 
mechanical  equipment,  due  to  the  loss  of  essential  bodily  struc- 
tures, permitted.    Recognition  of  sex  arose  through  trial  at 
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copulation.  The  submissive  response  of  the  female,  as  contrasted 
with  the  vigorous  response  of  the  male,  together  with  the  inabil- 
ity to  perform  the  conjugal  act  on  the  latter  caused  the  agressor 
to  relax  his  clasp  and  to  dismount. 

The  observations  of  Craig  ('14)  on  the  sexual  behavior  of  the 
dove  reared  in  isolation  bring  ouft  many  interesting  points  con- 
cerning the  adequate  stimuli  for  the  initiation  of  the  copulatory 
act.  Male  doves,  prior  to  sexual  experience  with  female  doves, 
attempted  to  perform  the  sexual  act  upon  the  hand  of  the  ob- 
server. Copulatory  attempts  were  made  also  upon  such  inani- 
mate objects  as  the  perch  of  the  cage  and  the  shoe  of  the  obser- 
ver. When  placed  with  the  receptive  female  very  imperfect 
coordination  in  mounting  attempts  were  made  prior  to  the  suc- 
cessful execution  of  the  first  complete  act.  One  male  moimted 
obliquely  across  the  body  of  the  female  and  failed  totally  to  effect 
the  union.  Following  the  first  series  of  successful  consummations 
of  the  sexual  act  a  male  showed  marked  alteration  in  his  general 
behavior,  characterized  chiefly  by  increased  agressiveness.  An 
irregularity  in  the  pattern  of  the  copulatory  act  which  persisted 
for  many  months  was  noticed  in  the  case  of  another  male.  The 
preliminary  billing  that  usually  precedes  copulation  was  entirely 
omitted  by  this  male. 

Kirkam  ('13)  studied  the  breeding  habits  of  the  rat.  His 
findings  indicate  that  the  male,  though  present  at  the  time  of 
parturition  and  for  several  days  subsequently,  does  not  kill  the 
offspring.  One  pair  of  young  rats  mated  before  either  was  sixty 
days  of  SLge.  This  seems  to  be  a  very  unusual  instance  of  sexual 
precocity.  Observations  on  the  copulatory  action  of  brown  rats 
were  reported  by  Miller  ('11).  He  noted  that  the  females  in  heat 
did  not  allow  the  young  males  to  copulate.  Size  and  ability  to 
dominate  were  the  determining  factors.  Frequently  adult 
females  were  seen  chasing  about  the  cage  small  males  which 
had  attempted  to  copulate.  When  placed  with  an  adult  male 
the  same  females  permitted  copulation,  offering  little  or  no  re- 
sistance. He  concluded  (from  evidence  that  seems  quite  insuffi- 
cient) that  bodily  odors  served  as  a  basis  for  sexual  recognition. 
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A  very  elaborate  study  of  the  sexual  behavior  of  monkeys  and 
baboons  was  made  by  Hamilton  (^14).  The  anunals  were  given 
far  more  freedom  in  their  place  of  confinement  than  is  customary 
in  such  studies.  Thus  reactions  closely  approximating  those 
found  in  the  natural  habitat  were  observed.  Some  of  the  out- 
standii^  features  of  this  study  are:  the  great  amount  of  sexual 
intercourse  performed  by  the  males,  homosexual  tendencies  of 
both  males  and  females,  and  the  use  of  homosexual  behavior  on 
the  part  of  the  weaker  individuals  to  divert  the  attacks  of  larger 
males  in  their  attempts  at  copulation.  Under  normal  conditions 
of  life,  the  young  male,  the  author  believes,  does  not  form  habits 
of  masturbation. 

Motani  ('16)  describes  the  dominating  behavior  of  a  male 
chimpanzee  directed  toward  its  cohabitant.  When  intercourse 
was  desired  the  male  hit  the  floor  of  the  cage  with  his  hand, 
whereupon  the  female  approached  and  assumed  the  copulatory 
position  before  him.    Copulation  during  pregnancy  was  frequent. 

Studies  dealing  with  the  reproductive  glands  as  the  chief  or- 
gans exerting  a  regulatory  influence  over  sexual  phenomena  are 
now  quite  numerous.  Although  the  data  of  these  reports  are 
to  some  degree  relevant  to  those  to  be  reported  in  this  paper, 
they  can  be  more  advantageously  considered  in  connection  with 
the  subseqi^nt  study  which  deals  with  the  internal  factors  under- 
lying sexual  behavior.  Such  literature  wfll,  therefore,  be  reviewed 
at  a  later  time. 

5.   Technique — General 

The  rats  were  confined  in  a  uniformly  heated  room.  An 
extra  allowance  of  whole  milk  was  given  to  the  mothers  through- 
out the  peru>d  of  lactation  in  order  to  assure  favorable  condi- 
tions for  normal  development  in  the  suckling  yoimg.  Approxi- 
mately half  of  the  Utters  were  weaned  when  twenty-one  days  of 
age;  the  other  half,  at  the  age  of  twenty-five  days.  Although 
the  latter  gained  weight  more  rapidly,  during  the  subsequent 
five  or  ten  days,  than  those  weaned  at  twenty-one  days,  this 
difference  in  rate  of  gain  was  only  temporary  and  so  small  that 
it  was  entirely  concealed  by  the  individual  variations  in  rat«  of 
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growth  appearing  prior  to  the  age  of  sexual  maturity.  Males 
were  separated  from  females  at  weaning  time.  All  were  segre- 
gated for  observation  in  wire-mesh  cages  which  rested  on  one- 
half  inch  of  wood  shavings  contained  in  galvanized-iron  trays. 
When  not  in  observation  cages,  all  animals  except  those  used  in 
experiments  involving  isolation,  were  permitted  to  min^  freely 
with  others  of  the  same  sex  and  of  approximately  the  same  age. 
Individuals  kept  in  isolation  were  confined  in  cages  of  the  di- 
mensions 12  by  8  by  8  inches. 

Feeding  hours  were  regular  and  fell  daily  between  6.00  and 
8.00  p.m.  The  diet,  uniform  throughout  the  perlDd  of  study, 
consisted  of  white  bread  and  whole  milk  served  together  in  smaU 
tin  containers  during  six  days  of  the  week.  On  the  remaining 
day  a  grain  mixture  (McCallum  diet),  made  into  a  mash  by  the 
addition  of  water,,  was  substituted  for  the  bread  and  milk.  Once 
a  week  fresh  cabbage  leaves  were  added  to  the  above  diet. 
Weight  records  were  taken  at  five-day  intervals  or  oftener  in 
experiments  requiring  more  detailed  records  of  weight. 

The  animals  whose  sexual  behavior  was  observed  from  day  to 
day  were  removed  from  the  housing  cages  to  individual  observa- 
tion cages  (12  by  8  by  8  inches)  from  four  to  six  hours  prior  to 
the  time  of  observation.  The  purpose  of  isolating  the  animals 
was  to  allow  time  for  each  to^become  thorou^y  cage-adapted, 
thereby  reducing  random  cage  exploration  to  a  minimum  during 
the  period  of  observation. 

In  general,  the  method  of  studying  the  sexual  behavior  of  the 
young  animals  was  systematic  observation  of  normal  and  oper- 
ated animals  in  confinement.  Special  methods  and  technique 
employed  in  particular  phases  of  the  work  will  be  described  in 
detail  in  connection  with  the  report  of  experimental  data  in  the 
following  sections  of  the  paper. 

THE  COPULATOET  ACT 

The  constituent  elements  of  the  copulatory  act  are  well  co- 
ordinated at  the  time  of  the  initial  copulation.  No  more  funda- 
mental problem  confronts  the  student  of  animal  behavior  than 
that  of  discovering  the  process  by  which  these  constituent  ele- 
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ments  are  tategrated  into  a  complex  unitary  pattern.  By  the 
elucidation  of  this  process  an  important  step  will  have  been  taken 
in  the  analysis  of  the  changes  through  which  elementary  activi- 
ties are  being  combined  and  dissolved  continually  in  habit  for- 
mation throughout  the  lifetime  of  living  organisms. 

A  preliminary  basis  for  the  study  of  the  integrative  process 
may  be  established  by  resolving  the  copulatory  pattern  into  its 
chief  constituent  activities  and  then  ascertaining  whether  these 
elements  appear  in  isolated  or  partially  isolated  function  during 
the  prepuberal  life  of  the  young  animal  or  whether  they  appear 
for  th(B  fin^t  time  as  parts  of  the  complex  copulatory  pattern. 
This  has  been  done  by  observing  the  prepubend  activity  of  the 
young  male  under  nattiral  and  experimentally  controlled  situa- 
tions. The  presentation  of  these  data  may  be  simpl^ed  some- 
what by  considering  at  the  outset  the  coptdatory  act  of  the  sex- 
ually mature  and  experienced  male.  Thb  consideration  will 
fnirdsh  an  adequate  basis  for  the  examination  of  the  prepuberal 
activities  and  the  initial  copulatory  act  of  the  young  male. 

i,  Copulatory  act  aa  seen  in  the  mature  rat 

One  cannot  give  a  detailed  description  of  the  male's  sexual 
activities  without  taking  into  account  the  pattern  of  feminine 
activity  by  which  it  is  initiated  and  toward  which  it  is  directed. 
That  is  to  say,  the  conjugal  act  as  a  whole  involves  both  a  mas- 
culine and  a  feminine  pattern  of  activity,  the  elements  of  which 
have  a  relationship  of  fimctional  interdependence,  and  are  them- 
selves, acts  of  a  high  degree  of  complexity.  The  elements  of 
each  pattern  appear  in  serial  order  and  are  so  synchronized  that 
efemieints  of  one  pattern  act  in  harmony  with  those  of  the  other. 
And  thus  through  mutual  furtherance  they  run  their  courses  in 
the  wonderfully  complete  and  well  codrdinated  manner  seen  in 
a  cross-sectional  view  of  the  reproductive  process. 

When  a  female  is  placed  into  the  cage  of  a  potent  male  that 
has  been  thoroughly  cage-adapted,  the  latter  begltns  in  a  few 
seconds  to  examine  her  ano-va^nal  zone.  Smelling  and  lick- 
ijig  occur  irrespective  of  oestral  cycle,  and  the  amount  varies 
with  a  given  individual  from  day  to  day.    The  non-receptive 
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female,  thus  placed  does  a  variable  amount  of  cage  exploration. 
While  doing  this,  she  is  followed  by  the  male  with  his  activities 
directed  almost  wholly  to  her.  If  he  is  too  vigorous  in  vaginal 
sniffing,  nibbles  too  deeply  in  search  for  parasites,  or  impedes 
her  progress  by  playful  assaults,  she  sometimes  resists  with  a 
back-kick  of  the  hind  foot,  or  by  moving  into  a  comer  of  the 
cage  where  she  is  less  accessible  to  his  a^aults.  The  receptive 
female  usually  makes  a  less  extensive  round  of  exploration.  When 
approached  by  the  male  in  the  manner  described  above,  she 
assiunes  a  tense  attitude  that  involves  the  general  musculature 
of  the  body  and  limbs*  Frequently  this  tension  is  accompanied 
by  slight  vibratory  movements  of  the  head  and  shoulders  suffi- 
ciently general  in  its  distribution  to  give  to  the  whole  body  a 
shivering  effect.  The  shiver  may  last  from  one  to  two  seconds. 
After  a  moment  of  smelling  or  licking,  on  the  part  of  the  male, 
the  receptive  female  runs  forward  in  the  cage  a  short  distance  or 
bruskly  shifts  her  position  so  that  the  root  of  her  tail  is  directly 
in  front  of  the  male.  This  running  movement  resembles  the 
quick  irregular  gallop  of  the  guinea-pig.  If  the  male  is  sexually 
aroused  by  this  movement  and  pursues  her  across  the  cage,  as 
is  usually  the  case  after  she  has  moved  one  or  more  times,  she 
rims  only  a  short  distance  and  halts  upon  being  overtaken  by  the 
male  and  caught  in  the  copulatory  clasp.  She  halts  instantan- 
eously when  firmly  clasped. 

Although  the  responses  just  described  are  typical,  there  are 
many  variations  from  this  type.  Some  females,  persistently, 
and  nearly  all  observed  at  the  onset  of  the  oestral  period,  re-act 
to  the  vaginal  smelling  and  licking  by  nmning  wildly  about 
the  cage,  kicking  with  the  hind  foot,  and,  not  infrequently,  biting 
at  the  pursuer. 

In  many  cases  the  male  begins  to  copulate  within  the  first 
minute  after  the  female  is  placed  in  the  cage.  In  some  instances, 
however,  a  variable  niunber  of  pre-copulatory  activities  of  short 
duration  precedes  the  act.  These  activities,  for  the  most  part 
irrelevant  in  nature,  occur  in  promiscuous  order.  (They  never 
suggest  a  tjrpe  of  courting  behavior.)  The  acts  appearing  most 
frequently  are:  nibbling  at  the  head  or  body  of  the  female. 
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repeated  lickmg  and  smelling  in  the  ano-vaginal  zone,  scratching 
his  own  body,  and  momentarily  sniffing  at  the  wires  of  the  cage. 
Rarely,  at  such  times,  he  stops  to  lick  the  penis.  The  copnlatory 
act,  when  it  does  appear,  comes  with  such  definiteness  and  or- 
derly sequence  of  elements  that  it  stands  out  in  marked  contrast 
and  is  never  confused  with  this  background  of  promiscuous  activ- 
ities. It  is  an  organized  unit  of  behavior  that  runs  its  course 
with  great  smoothness  when  the  first  element  of  the  series  is  set 
into  action. 

In  the  act  of  mounting,  the  male  clasps  the  sides  of  the  female 
with  his  fore-paws  encircling  her  body  just  posterior  to  the  short 
ribs.  The  palmar  surfaces  of  the  fore-paws  are  tiirected  medial- 
ward,  in  a  dorso-lateral,  lateral,  or  ventro-lateral  position  on  the 
female's  sides,  varjring  with  the  size  of  the  female  and  the  girth 
of  the  male's  fore-limbs.  Simultaneously  with  the  clasp,  or 
following  so  closely  that  no  time  intervid  is  discernible,  rapid 
vibratory  palpation  of  the  female's  sides  occurs.  To  the  pal- 
patation,  the  female  responds  by  depressing  the  back  deeply  in 
the  lumbar  region.  This  movement  simultaneously  elevates  the 
coccygeal  region  with  the  hip-joint  serving  as  a  fixed  pivot  of 
rotation.  Hie  elevation  of  the  coccygeal  region  raises  the  ex- 
ternal orifice  of  the  vagina  from  the  floor  of  the  cage  to  a  height 
more  accessible  to  the  male,  and  at  the  same  thne,  throws  the 
axils  of  the  vagina  into  a  plane  conforming  with  the  direction  of 
piston  movements  of  the  penis  when  vaginal  entrance  is 
attempted. 

Following  the  palpation  of  the  female's  sides,  which  serves 
as  an  adequate  stimulus  for  the  depression  of  her  back  with 
consequent  elevation  of  the  coccygetd  region,  the  male  makes  a 
series  of  rapid  movements  of  the  pelvic  region  which  serve  to 
direct  the  erect  penis  into  and  out  of  the  vagina  in  piston-like 
manner.  With  the  consummation  of  the  orgasm  the  palpa- 
tion and  piston  movements  ceaseiaid  the  male  throws  himself 
from  the  position  assumed  in  mounting  by  a  vigorous  backward 
lunge  that  clears  his  body  from  that  of  the  female  by  a  distance 
of  from  three  to  five  or  more  inches.  With  the  backward  lunge 
he  comes  to  a  sitting  position  with  the  weight  of  the  body  sup- 
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ported  on  the  root  of  the  tail  and  toes  of  the  hind  feet.  At  the 
same  time  the  mouth  is  brought  down  to  the  penis  which  is  still 
in  a  semi-erect  condition.  Vigorous  licking  of  the  organ  follows^ 
After  a  few  seconds  licking  the  organ  becomes  flacid  and  is  re- 
tracted into  its  sheath  and  the  male  comes  to  a  position  of  rest 
on  all  fours  where  he  remains  qtiietly  for  a  short  time  or  engages 
in  minor  activities  such  as  niU)ling  at  parasites,  scratching  the 
body,  or  sniffing  warily  at  the  female.  Smelling  and  licking  in 
the  vaginal  zone  is  seldom  repeated  after  the  first  two  or  three 
copulatory  acts. 

By  way  of  smnmarization  of  the  foregoing  description  the 
overt  pattern  of  the  copulatory  act  may  be  broken  up  into  the 
following  elementary  acts  or  groups  of  activities: 

1.  Pursuit  and  mounting. 

2.  Palpation  of  the  female's  sides. 

3.  On  the  part  of  the  female,  depression  of  the  lumbar  region 
of  the  back  with  consequent  elevation  of  the  sacro-coccygeal 
region. 

4.  Pelvic  movements  of  the  male  by  which  the  penis  is  thrust 
toward  the  vagina  in  piston-like  manner. 

5.  Cessation  of  palpation  of  female's  sides  and  the  backward 
lunge. 

6.  Licking  of  the  penis. 

The  duration  of  the  complete  act,  from  the  time  of  the  initial 
clasp  to  the  backward  limge  is  usually  only  a  fraction  of  a  second. 
The  time  is  so  brief  that  one  cannot  measure  it  accurately  with 
a  stop-watch.  In  each  instance  6t  its  appearance,  the  pattern 
is  strikingly  uniform,  yet  close  observation  reveals  some  minor 
irregularities.    A  few  of  these  are  deserving  of  mention. 

Piston  movements  by  which  vaginal  entrance  is  effected  do 
not  invariably  follow  palpation.  Sometimes,  apparently,  this 
is  due  to  failure  in  eliciting  coccygeal  elevation  on  the  part  of 
the  female,  but  again  it  seems  to  be  due  to  failure  of  erection. 
Evidence  of  the  latter  is  seen  most  frequently  during  a  long  series 
of  copulations.  The  number  of  such  instances  increases  with 
the  niunber  of  copulations. 
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ViHithdrawal,  as  a  rule,  is  made  immediately  upon  the  consum-» 
mation  of  the  orgasm,  but  in  the  case  of  males  copulating  for  a 
somewhat  prolonged  period  of  time,  there  occurs  now  and  then 
an  instance  of  failure  or  retarded  withdrawal  after  cessation  of 
piston  mov^nents.  Prolongations  of  from  one  to  five  seconds 
have  been  observed.  In  these  cases  the  withdrawal  is  effected 
l^  the  male  alone,  with  the  elimination  of  the  backward  lunge, 
or  by  the  female's  jumping  forward  and  slipping  from  the  relaxed 
dasp  of  the  male.  One  female  on  the  occasion  of  tardy  with- 
drawal invariably  squealed  sharply  and  turned  savagely  on  the 
male,  striking  at  his  head  with  her  fore-paws  or  viciously  biting 
at  his  face  and  shoulders. 

S.  Sexiial  behavior  of  the  young  rat 

The  sexual  behavior  of  approximately  fifty  young  males  and 
three  young  females  was  observed  in  this  study  under  ordinary 
cage  and  experimentally  controlled  conditions.  Before  consid- 
ering the  data  gathered  in  these  observations  the  methods  used 
in  systematically  sampling  the  behavior  of  certain  yoimg  males 
and  females  will  be  described. 

Two  series  of  systematic  observations  on  yoimg  rats  were 
made  during  their  prepuberal  development  and  for  a  short  time 
thereafter.  Hiese  series  differ  somewhat  in  type  and  serve  to 
supplement  each  other.  In  the  first  series  15  males  and  3  females 
were  observed  from  the  age  of  thirty  days  to  the  age  of  somatic 
maturity.  Hie  group  consisted  of  the  following  animals:  6 
normal  males;  3  normal  females;  2  blind,  4  anosmic,  and  3  cas- 
'^trated  males. 

The  fifteen  males  were  confined  in  a  large  cage  (jjL8  by  20  by 
30  inches)  while  not  in  their  individual  observation  cages.  The 
females  were  kept  with  a  group  of  from  two  to  four  females  of 
the  same  age  in  a  smaller  cage  (10  by  16  by  14  inches).  Daily 
all  were  isolated  in  individual  cages  for  a  period  of  from  four  to 
six  hours  prior  to  the  time  observations  were  made.  Between  the 
hours  of  5.00  and  8.00  p.m.,  when  the  animals  are  normally  very 
active,  a  female — ^non-receptive^  as  a  rule,  but  receptive  when 

>  The  term  non-receptive  is  used  to  describe  females  that  would  not  copulate — 
females  not  in  heat. 
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avsulable — ^was  placed  in  the  cage  with  a  male.  The  young 
ammals  were  observed  individually^  upon  the  introduction  of 
the  female,  for  periods  varying  from  five  to  fifteen  minutes  daily, 
or  longer  if  the  activity  of  the  young  animals  made  a  prolonged 
period  of  observation  desirable.  Notes  pertaining  to  the  general 
types  of  activity,  the  aggressiveness  or  lethargy  of  male  or  fe- 
male, etc.,  were  made.  Also  points  of  a  more  specific  nature 
were  looked  for,  such  as:  smelling  and  lickii^  the  ano-vaginal 
zone;  attempts  at  sticking;  nibbling  at  the  sheath  of  the  penis; 
unsheathing,  licking  and  manipulating  the  penis;  rhythmic  ex- 
trusion and  retraction  of  the  penis  in  the  sheath;  mounting  and 
palpation  of  the  female  sides  while  in  the  copulatory  position; 
playful  attempts  at  copulation  prior  to  the  age  of  sexual  maturity. 

In  the  second  series  of  observations  the  method  was  varied 
to  bring  out  more  details  on  certain  points  not  revealed  in  the 
previous  study.  In  the  first  series  quantitative  data  concerning 
the  kinds  of  activities  and  thdir  duration  were  not  secured.  Fur- 
thermore, there  was  no  control  over  the  activities  aroused  by 
mingling  with  other  ammals  of  the  same  age  while  not  under 
observation. 

In  the  second  series  8  animals,  6  males  and  2  females,  all  of 
the  same  litter,  were  used.  It  was  a  well  nourished  litter  and 
the  young  were  able  to  subsist  on  a  bread  and  milk  diet  at  the  age 
of  twenty  days.  When  twenty-one  days  of  a^  the  young  were 
weaned  and  isolated  in  individual  cages  where  they  were  kept 
during  the  entire  period  of  study.  Under  these  conditions  they 
had  no  opportunity  to  mingle  with  other  animals,  except  while 
with  the  adult  during  the  period  of  observation.  On  alternate 
days  the  behavior  of  each  animal  was  studied  and  records  were 
made  which  gave  the  type  of  activity  and  its  duration  in  each 
minute  of  a  twelve^minute  period. 

A  simple  scheme  for  recording  the  behavior  was  devised. 
All  the  types  of  activity  that  had  been  observed  during  the  first 
study  were  listed.  Certain  acts  of  a  similar  nature  were  thrown 
together  in  order  to  reduce  the  number  of  categories  as  much  as 
possible,  yet  keeping  separate  all  acts  of  a  doubtful  or  definitely 
sexual  nature.    Obviously  this  catalogue  is  devoid  of  logical 
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arrangement  and  the  range  of  its  usefulness  is  limited  wholly  to 
the  needs  of  the  problem  at  hand. 

When  the  list  of  categories  was  satisfactorily  arranged  and 
pruned  down  to  workable  proportions  a  number  was  given  to 
each  of  the  items;  this  was  to  be  used  later  as  a  symbol  for  that 
item.  Then  the  categories  and  the  numbers  that  stood  for  each 
were  thoroughly  memorized  and  tried  out  in  practice  for  a  short 
time  upon  other  animals.  With  stop-watch  in  hand  the  observer 
recorded  chronologically  in  one  column  of  the  record  blank  the 
time  of  incidence  of  each  activity  and  in  a  coltmm  beside  it  the 
appropriate  niunber  to  denote  the  category  into  which  it  fell. 
Obviously  the  time  at  which  each  new  act  began  marked  the 
end  of  the  old  act. 

From  these  records  the  exact  duration  of  every  act  during 
each  minute  of  the  twelve-minute  period  was  computed.  This 
gave  a  record  of  the  type  of  action,  its  duration,  and  its  relation 
to  other  activities  in  the  twelve-minute  period.  The  table  that 
follows  gives  the  catalogue  of  activities  used,  together  with  a 
code-form  or  abbreviation  that  will  be  used  in  the  tabular  re- 
ports of  the  data  from  the  observations. 

The  young  male  rat,  whether  mature  or  inunature,  if  thor- 
oughly tame  and  cage^adapted,  usually  loses  no  time  in  approach- 
ing the  female  when  she  is  introduced  into  the  cage.  Almost 
invariably,  in  these  observations,  he  was  at  her  side  before  all 
her  feet  were  implanted  on  the  floor  of  the  cage.  He  proceeds 
in  a  direct  and  thoroughgoing  manner  to  explore  the  female  by 
sniffing  and  licking,  nibbling  and  nosing  her  body  in  various 
places — activities  which  readily  cause  the  receptive  female  to 
betray,  by  actions  easily  recognized  by  the  experimenter,  her 
condition  of  receptivity.  Evidence  of  sexual  excitement  is  mani- 
fested by  the  male,  as  a  rule,  in  the  first  five  or  ten  minutes  after 
the  female  is  placed  in  the  cage  or  not  at  all.  Hence  for  practi- 
cal purposes,  it  may  be  assmned  that  if  the  animal  under  obser- 
vation does  not  show  signs  of  excitement  during  the  first  five  or 
ten  minutes,  providing  he  has  thoroughly  explored  the  female 
during  that  tune,  he  will  not  ordimarily  show  signs  in  from  one- 
half  to  one  hour  or  more  of  observation.    This  practical  rule  is 
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founded  on  numerous  observations  for  periods  lasting  from  one- 
half  to  one  hour,  on  over  fifty  young  males  used  in  the  various 
phases  of  this  study. 


TABLE  1 


LIST  or  0ATBO0RZC8  USED  IK  RBCOBDIIfO  THB  BBHAYXOB  OV 
TOUNO  MALB  WITH  ADULTS 


ABBBBTIATBD  CODB 


2. 
3. 


6. 

6. 

7a. 

7b, 

8a. 

8b. 

9. 

10. 
11a. 

lib. 

12. 

13. 

14. 
15. 
16. 

17. 
18. 
19. 

20. 


Nibbling  at  head,  neck,  body  and  limbs  from  any  position; 
sniffing  and  nosing  or  licking  at  any  region  of  female's 
body  other  than  elbows  and  vaginal  and  anal  region 

Smelling  or  licking  in  ano-vaginal  region 

Exploring  cage,  nibbling  at  foreign  matter  in  cage,  climb- 
ing about  cage,  and  running  in  cage  not  involving  pur- 
suit or  escape  from  female 

Following  female  as  she  moves  about  cage  with  head  in 
close  proximity 

Idle,  resting— not  asleep 

Idle,  asleep 

Wrestlin^^young  male  the  aggressor 

Wrestling — adult  female  the  aggressor 

Fighting— young  male  the  aggressor 

Fighting — adult  female  the  aggressor 

Nibbling,  kicking,  or  scratching  own  body,  other  tfian 
penis 

Licking  penis,  or  young  female  licking  external  genitals. . . 

Female  sniffing,  licking,  or  nibbling  body  of  male  other 
than  genital  organs — male  passive 

Female  sniffing,  licking,  or  nibbling  genitals  of  male 

Reciprocal  sniffing,  licking,  or  nibbling  genitals 

Fear  response,  in  which  male  assumes  definite  physical 
attitude  or  pose 

Mounting,  involving  clasp  and  palpation  of  female's  sides 

Miscellaneous 

Fear  response  of  male  in  which  pose  is  not  assxmied. 
Remains  stationary  or  moves  about  cage 

Nursing  or  attempts  at  nursing 

Act  of  copulation 

Smelling  or  licking  right  elbow  (hair  saturated  with  aque- 
ous solution  of  pituric  acid) 

Smelling  or  licking  left  elbow  (control) 


Nibbling 
Licking 


Cage  explor. 

Following 
Idle— awake 
Idle— asleep 
Wrest.^young 
Wrest.— adult 
Fight.— young 
Fight.— adult 

Scratching 
Lick.— penis 

F.  lick.  Body 
F.lick.Genit. 
Recip.  lick. 

Posing 

Mounting 

Miscel. 

Caution 
Nursing 
Coition 

Jit.  Elbow 
Lt.  Elbow 


By  this  method  of  observation,  the  behavior  of  young  males 
with  the  female  has  been  sampled  from  day  ix>  day  throughout 
the  period  of  development  from  weaning  to  sexual  maturity.    It 
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is  believed  that  the  samples,  taken  collectively,  give  a  very  fair 
picture  of  the  general  nature  of  the  activity  of  the  young  rat  in 
the  company  of  the  female  at  va^rious  ages  prior  to  sexual  ma- 
turity.   It,  will,  therefore,  serve  as  a  tentative  basis  for  the 
consideration  of  permature  sexual  behavior. 

A.  Prepuberal  behavior.  Tables  2  to  11  give  the  data  for  each 
of  the  eight  rats  used  in  the  study.  Rats  50  and  54  were  observed 
daily.  On  alternate  days  an  adult  male  was  substituted  for  the 
female.  The  other  six  animals  were  observed  on  alternate  days, 
and  with  females  only.  The  data  for  two  consecutive  observa- 
tions have  been  combined  and  averaged  in  order  to  condense  the 
results  somewhat,  thereby  giving  a  more  compact  picture  of  the 
types  of  behavior  to  which  attention  will  be  called.  The  num- 
bers give  the  time  in  seconds  spent  by  each  rat  during  twelve 
minutes  doing  a  particular  act  or  class  of  acts  grouped  under  a 
heading  of  the  category. 

For  the  purpose  of  briefly  considering  the  relation  of  the  fore- 
going prepuberal  activities  to  the  copulatory  act  they  may  be 
thrown  into  two  groups:  (a)  A  group  of  non-sexual,  or  acts  that 
are  obviously  unrelated  to  the  copulatory  act;  and  (6)  a  group  of 
acts  that  appear  to  be  connected  with  the  copulatory  act  but 
are  really  not  so  connected.  Under  these  headings  the  chief 
facts  brought  out  in  the  two  series  of  observations  may  be 
considered. 

a.  Non-sexual  activities.  The  young  rat,  twenty-one  days  of 
age,  gives  attention  to  the  adult  female  as  soon  as  the  latter  is 
placed  in  the  cage.  It  approaches  without  fear  and  procedes 
to  explore  such  parts  of  her  body  as  are  within  reach.  From 
three  to  five  days  later  it  climbs  upon  her  back,  if  she  sits  quietly 
in  the  cage,  and  extends  the  general  exploration  to  the  back, 
neck  and  top  of  her  head.  Sniffling  in  the  region  of  the  mammary 
glands  is  seen  t)ccasionally  at  or  a  few  days  after  the  age  of  twenty- 
one  days,  but  only  rarely  after  twenty-five  days.  The  greater 
part  of  the  time  during  the  first  five  to  ten  minute  is  spent  in 
nosing  about  the  head  of  the  female,  licking  her  body,  and  search- 
ing for  parasites  (Ntbblingy  tables  2  to  11.)  This  holds  true  for 
all  ages  from  the  time  of  tiie  first  observtions  to  the  last.    While 
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nosing  about  the  body  of  the  female  the  young  animal  discovers 
the  chief  sources  of  secretions  and  excretions.  Both  males  and 
females  begin  to  smell  in  the  vaginal  region  when  twenty-one  to 
twenty-three  days  of  age  (Licking ,  tables  2  to  11). 

The  smelling  lasts  for  only  a  few  seconds  uptil  approximately 
twenty-eight  to  thirty  days  of  age,  when  the  individual  periods 
of  smelling  lengthen  somewhat  and  the  total  amount  of  smelling 
during  a^  observation  is  also  increased  by  only  a  small  amount 
during  the  remainder  of  the  prepuberal  period.  At  the  age  of 
thirty  to  thirty-five  days,  smelling  is  begun  within  a  few  seconds 
after  the  female  is  placed  in  the  cage. 

The  amount  of  time  given  to  cage  exploration  is  fairly  con- 
stant at  various  ages.  This  appears  for  the  most  part  during  the 
last  half  of  a  ten  to  twelve  minute  period  of  observation.  After 
the  young  rat  has  thoroughly  explored  the  female  her  presence 
has  less  stimulating  effect  on  it,  hence  it  is  more  easily  distracted 
by  stimuli  coming  from  other  sources — ^noises  in  the  room,  odors 
from  the  walls  of  the  cage,  loose  shavings  to  be  nibbled,  feces,  etc. 

Frequently  the  female,  after  making  a  tour  of  the  cage,  gives 
her  attention  to  the  young  in  the  cage  for  a  short  time.  She 
nibbles  and  licks  his  body  and  smells  his  genitals.  This  is  done 
at  every  age  of  the  young  male.  The  active  females  most  fre- 
quently stop  to  smell  the  genitals  of  the  young.  Sometimes  the 
two  are  seen  smelling  each  other's  genitals  simultaneously.  This 
occurs  most  frequently  when  an  adult  male  is  placed  with  the 
young  animal. 

Attempts  at  nursing  were  seen  during  a  few  observation- 
periods  after  the  yoimg  animals  were  weaned.  These  attempts 
consisted  chiefly  of  sniffling  and  nibbling  about  the  manmiary 
glands. 

In  no  case  was  a  young  male  seen  to  laimch  a  vicious  attack 
on  an  adult  female.  Being  attacked,  however,  the  young  animal 
sometimes  defended  himself.  The  adult  female  and  adult  male 
showed  practically  no  inclination  to  attack  yoimg  animals  under 
forty  days  of  age.  Then,  and  until  the  observations  were  brought 
to  an  end,  the  attacks  of  the  adults  were  frequent. 

If  attacked  by  a  much  larger  animal  the  young  rat  seldom  re- 
sists by  assuming  the  aggressive.    He  takes  up  a  defense  pose 
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which  enables  him  to  guard  against  the  attack  of  the  aggressor 
and  indicates  to  the  latter  that  no  counter  attack  from  him  is  to 
be  expected.  Sometimes  after  the  adult  ceases  pummeling  the 
young  animal,  the  latter  holds  the  defense  pose  for^several  min- 
utes {Posing^  tables  2  to  11).  Particular  attention  is  called  to 
the  amount  of  posing  done  by  the  yoimg  animals  in  company 
with  adult  males  (tables  2  and  3).  Contrast  with  tables  4  and 
5.  The  adults  show  increased  tendency  to  maltreat  the  young 
after  the  latter  have  reached  the  age  of  forty  to  fifty  days 
(tables  3  and  5).  Item  16  which  is  another  phase  of  the  defense 
response,  characterized  by  cautiously  avoiding  the  adult,  shows 
that  the  attacks  of  the  adult  cause  responses  which  carry  over 
from  day  to  day.  Not  infrequently  the  young  animals  showed 
this  fear  response,  although  no  attack  on  the  part  of  the  adult 
had  been  made  or  threatened  during  that  period. 

Wrestling  is  initiated  both  by  the  adult  and  by  the  young.  It 
was  an  activity  of  daily  occurrence  in  the  case  of  the  first  group 
of  twenty-three  animals;  they  were  allowed  to  mingle  together 
while  not  in  the  cages  for  observation.  The  eight  animals  of  the 
second  group,  which  were  reared  in  almost  total  isolation  seldom 
attempted  to  wrestle  with  the  females.  It  appears  that  this 
activity  acquires  the  characteristics  commonly  seen  in  the  play 
of  young  rats  only  through  experience. 

The  amount  of  time  spent  in  following  closely  behind  the  adult 
without  actually  smelling  or  nibbling  depends  somewhat  upon 
the  general  activity  of  the  adult.  Most  animals  continue  their 
smelling  and  nibbling  while  the  adult  moves  about  the  cage, 
but  occasionally  one  follows  without  actually  touching  the  adult's 
body. 

In  a  subsequent  chapter  the  purpose  of  the  experiment  in- 
volving the  placing  of  a  weak  solution  of  pituric  add  on  the  left 
elbow  of  the  female  will  be  discussed  at  greater  length.  Atten- 
tion is  called  at  this  place  to  the  fact  that  all  yoimg  animals 
discovered  the  oderiferous  substance  at  once.  The  amount  of 
smelling  in  this  region  greatly  exceeded  that  of  the  vaginal  zone 
for  several  days,  but  gradually  the  amoimt  ceased  to  increase 
and  eventually  decreased;  finally  this  region  was  not  smelled 
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by  some  animals  at  all  during  the  periods  of  observation  {Lt. 
Etbow,  tables  2  to  11)* 

b.  Acts  that  appear  to  be  related  to  the  copulatory  act.  At 
all  ages  the  young  animals  stop  any  activity  in  which  they  are 
engaged  to  bite  and  scratch  parts  of  their  bodies.  The  amount 
of  scratching  varies  from  day  to  day  and  shows  no  regular  tend- 
ency to  increase  or  decrease  at  particular  ages.  Associated 
with  scratching  of  the  body  is  the  nibbling  of  the  external 
genitals  which,  in  the  case  of  the  males,  eventually  comes  to  be 
chiefly  the  licking  of  the  penis.  The  amoimt  of  licking  of  the 
genitals  increases  in  amount  from  the  age  of  thirty-five  to  forty 
days  and  is  seen  frequently  thereafter  until  the  age  of  puberty 
is  reached.  Casual  observations  lead  to  the  conclusion  that  it  is 
continued  throughout  the  period  of  potency  of  the  male.  In 
the  case  of  rat  52,  a  well  developed  male  for  his  age,  about  2  mm. 
of  the  gilans  penis  was  seen  protruding  from  the  prepuce  at  the 
age  of  forty-two  days  while  the  male  was  vigorously  licking  and 
nibbling  the  sheath,  using  his  fore-paws  at  the  time  to  manipu- 
late the  organ  into  positions  favorable  for  licking.  With  age 
the  tendency  for  the  penis  to  protrude  while  licking  becomes 
greater  because  of  development  in  si£e.  Thus,  accidentally 
at  first,  the  tongue  is  brought  into  contact  with  the  sensitive 
glans  penis.  The  stimulating  effect  of  licking  probably  causes 
the  act  to  be  repeated  and  to  become  habituaL  Whether 
or  not  this  act  may  be  considered  a  form  of  masturbation  in  the 
rat  is  an  open  question.  It  is  well  known  that  the  tongue  and 
oral  mucosa  in  contact  with  the  penis  of  man  is  capableof  arousing 
the  reflexes  concerned  with  ejaculation.  (Ellis,  vol.  11.)  In  the 
case  of  the  rat,  however,  no  case  of  orgasm  has  been  discovered 
as  a  result  of  the  licking  of  the  organ,  but  the  difficulties  of  detect- 
ing the  orgasm  are  such  that  one  cannot  be  sure  that  it  is  not 
effected.  The  vigorous  movements  of  the  pelvis  seen  in  some 
instances  of  the  licking  and  the  use  of  the  fore-paws  to  xhanipulate 
the  sheath  suggest  that  these  acts  aid  in  producing  the  maximum 
stimulation  of  this  organ  while  licking  is  in  progress.  No  evi- 
dence was  found  which  indicated  that  it  aids  in  the  initiation  of 
the  first  copulatory  act. 
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Tf^th  respect  to  young  animals  it  has  been  suggested  that  many 
of  the  play  activities  anticipate  the  larger  acts  that  are  to  be 
performed  by  the  adult  for  the  preservation  of  self  or  the  species. 
Groos  ('95)  interprets  the  mounting  seen  in  some  animals  in 
infancy  as  anticipatory  practice  in  the  reproductive  function. 
Careful  watch  was  kept  for  this  in  the  yoimg  male  rat,  but  no 
mounting  of  the  kind  done  by  copulating  males  or  males  during 
the  period  of  pre-copulatory  activity  was  noticed.  Two  male 
rats  that  were  over  seventy  days  of  age  which  had  not  had  sexual 
congress  were  observed,  however,  to  mount  cage-mates  in  the 
definitely  sexual  manner,  and  attempt  a  complete  copulatory 
act.  Small  ('99)  speaks  of  the  playful  sexual  activities  of  rate 
under  thirty  days  of  age.  Our  own  study  does  not  substantiate 
his  observations.  When  receptive  females  were  placed  with  the 
young  males  the  latter  showed  no  definite  sexual  excitement  until 
approximately  70  days  of  age.  Prior  to  that  time  the  smelling 
of  the  vaginal  region  of  receptive  females  was  sometimes  more 
extensive  than  with  normal  females,  but  that  may  be  accounted 
for  by  the  tendency  of  young  rats  to  smell  at  any  new  odors  that 
are  introduced.  The  secretions  of  the  vagina  at  the  time  of  the 
oestrum  give  rise  to  new  olfactory  stimuli  to  be  examined,  hence 
the  periods  of  smelling  when  females  in  heat  are  introduced  into 
the  cage  are  somewhat  longer. 

B.  Initial  coptdatory  act.  The  initial  copulatory  act  of  the 
young  male  resembles  that  of  the  experienced  adult  so  closely 
that  differences  are  not  easily  discerned.  Using  as  a  backgrotmd 
the  descriplive  account  (pages  101-105)  of  the  copulatory  act  of  the 
adult,  one  can  get  a  fairly  complete  picture  of  the  initial  copu- 
latory act  of  the  young  male  by  considering  the  differences  be- 
tween the  two. 

a.  Copulatory  act  of  the  young  male  contrasted  with  that  of 
the  adult.  Two  kinds  of  differences  between  the  act  of  coition 
of  the  adult  and  the  young  have  been  found  occurring  with  a 
fair  degree  of  regularity.  The  first  consists  of  differences  that 
arise  from  structural  limitations-~size,  girth  of  forelimbs,  and 
general  bodily  vigor;  the  second,  of  differences  which  result 
from  the  shunting  of  sexual  behavior  by  fear  responses  or  dif- 
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ferences  that  appear  to  arise  from  slightly  incomplete  codrdina- 
tion  of  the  elements  of  the  complex  mechanism  involved  in  the 
copulatory  act.  Di£ferences  of  the  first  type,  being  relatively 
unimportant  for  this  study,  will  be  passed  over  with  only  brief 
remarks  as  to  their  nature. 

Limitations  in  the  size  of  the  male  and  the  girth  of  his  fore- 
limbs  cause  a  slight  difference  in  the  placement  of  the  fore- 
paws  on  the  body  of  the  female  as  he  stands  in  the  copulatory 
position.  Difference  in  strength  of  the  fore-limbs  results  in 
palpation  less  vigorous  than  that  of  the  adult.  The  palpation 
suffices,  nevertheless,  to  elicit  the  necessary  cooperation  of  the 
female.  Frequently  the  backward  lunge  of  the  yoimg  is  greatly 
reduced  in  force  or  even  eliminated  entirely — the  mole  slipping 
smoothly  from  the  mounting  position. 

The  second  group  of  differences  between  the  experienced  male 
and  the  novice  needs  more  careful  consideration  for  it  embraces 
factors  that  are  concerned  with  the  initiation  of  the  copulatory 
response.  During  the  tests  for  copulation  in  young  males  fear 
responses,  aroused  by  an  attack  or  threatening  attitude  of  the 
female,  caused  the  male  to  move  as  far  from  her  as  the  space  in 
the  cage  permitted.  There  he  remained  quietly  but  on  guard 
against  further  assault.  These  responses  sometimes  last  only  a 
few  minutes,  but  in  other  cases  more  than  an  hour.  Young  rats 
which  had  recently  been  pummeled  or  bitten  severely  by  adult 
rats  during  the  daily  observation  periods  sometimes  exhibited 
fear  responses  to  the  quick  movements  of  the  receptive  female 
in  the  cage.  Such  fear  responses  were  sometimes  aroused  by 
very  docile  females  which  were  responding  to  the  male's  nosing 
and  Ucking  with  the  spasmodic  jumping  that  characterizes  the 
female  in  heat.  Evidently  the  young  male  does  not  readily 
differentiate  these  quick  responses  from  the  a^ressive  move- 
ments of  attack,  and  therefore,  responds  in  a  manner  appro- 
priate to  the  avoidance  of  punishment  rather  than  in  a  manner 
appropriate  to  effecting  copulation.  Fear  responses  of  this 
type  are  seldom  seen  in  the  adult  male,  and  they  quickly  disappear 
in  the  yoimg  after  copulatory  experience.  In  this  connection 
it  will  be  recalled  that,  according  to  Miller  Cll),  the  female 
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brown  rat  chased  the  young  males  about  the  cage  and  would  not 
permit  copulation,  but  when  placed  with  large  males  she  became 
quite  submissive. 

The  sexual  aggression  of  the  yoimg  male  is  thwarted  by  slight 
resistance  of  the  female  more  readily  than  is  that  of  the  adult 
male.  Females  which  back-kick,  and  run  wildly  about  the  cages 
are  less  often  subjugated  by  the  young  male.  Likewise  those 
that  are  extremely  lethargic  are  less  often  forced  Into  positions 
favorable  for  copulation.  Although  this  is  due,  in  part,  to  a 
difference  in  strength  of  the  mature  and  immature  male,  it  is 
due  in  greater  part  to  a  difference  in  aggressiveness.  A  change 
in  this  respect  comes  on  rapidly  after  the  act  of  coition  has  been 
initiated.  Craig  ('14)  reports  a  similar  change  in  the  behavior 
of  one  of  the  doves. 

Another  kind  of  difference  centers  about  the  appearance  of 
the  elements  of  the  copulatory  act  in  a  stage  of  slight  disorgani- 
zation. Illustrations  of  this  are  common  in  the  copulatory 
attempts  of  the  inexperienced  male  just  prior  to  the  first  suc- 
cessful copulatory  act.  These  elements  may  consist  of  mount- 
ing with  or  without  definite  clasp,  mounting  and  palpation  of  the 
female's  sides,  and  rarely^  molmting  and  palpation  of  her  sides 
with  feeble  pelvic  movements  that  do  not  effect  vaginal  en- 
trance. In  the  latter  case  further  attempts  to  repeat  the  act 
are  not  made  at  once,  contrary  to  the  general  rule  in  the  case 
of  the  experienced  male.  The  frequency  of  occurence  of  these 
partial  attempts  has  been  calculated  for  thirty  young  males 
from  the  records  of  their  behavior  with  a  female  just  prior  to 
sexual  experience.  Sometimes  the  elements  which  appeared  in 
dissociated  or  only  partially  integrated  patterns  anticipated  the 
complete  act  by  only  a  few  minutes  or  an  hour  or  two.  In  other 
cases  they  appeared  several  days  earlier.  These  records  show 
that  of  the  thirty  rats: 

Six  mounted  with  firm  clasp,  but  with  no  other  elements  of  the  copu- 
latory act  involved,  prior  to  the  first  complete  act  of  coition. 

Fourteen  mounted  and  palpated  the  female's  sides,  but  did  not  make 
pelvic  movements. 

Eight  animals  performed  the  complete  act  without  previously  per- 
forming any  of  the  partial  acts  given  above. 
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The  appearance  of  these  dissociated  elements  is  not  confined  to 
the  young  animal  alone;  it  is  sometimes  seen  in  the  adult  as  well. 
The  difference  is  one  of  relative  frequency  only. 

Following  the  first  period  of  copulation  the  yoimg  animal  is 
less  discriminating  in  the  mounting  of  other  animals  than  the 
adult.  He  mounts  without  regard  for  sex  or  condition  of  recep- 
tivity. Here  again  the  difference  is  largely  one  of  d^ree  chu*- 
acterized  by  persistence  in  mounting  attempts,  for  the  adults 
also  have  been  observed  to  mount  non-receptive  females  and 
males  at  various  times  after  a  period  of  copulation  was  brougjit 
to  an  end. 

In  two  instances  young  males  performed  the  first  sexual  act 
while  mounted  at  the  head  end  of  the  female  and  with  the  fore- 
limbs  clasping  the  head  and  shoulders  rather  than  the  sides. 
The  pelvic  movements  were  directed  toward  the  face  in  these 
cases. 

Licking  the  penis  is,  so  far  as  observations  in  this  study  go, 
an  invariable  element  of  the  complete  copulatory  act  providing 
vaginal  entrance  has  been  effected.  In  the  case  of  the  young 
male  the  licking  is  oftimes  omitted  at  the  completion  of  the  first 
sexual  act.  This  probably,  is  due  to  incomplete  erection  and 
failure  to  make  vaginal  entrance. 

b.  The  age  of  functional  sexual  maturity  and  the  strength 
of  the  copulatory  impulse.  The  age  at  which  copulatory  ability 
normally  appears  has  never  been  determined  under  sufiSiciently 
controlled  conditions  to  establish  a  reliable  norm.  Kirkham 
('13)  reported  that  a. pair  of  rats  bred  prior  to  the  age  of  sixty 
days.  Hewer  ('14)  considered  rats  of  seventy  days  of  age  as 
sexually  mature,  for  at  that  time  she  was  able  to  find  spermata- 
zoa  in  the  epididymis.  My  own  observations  show,  however, 
that  copulatory  ability  does  not  run  exactly  parallel  to  produc- 
tion of  spermatazoa.  Therefore,  her  criterion  is  not  a  reliable 
index  of  the  age  at  which  copulatory  ability  appears. 

In  table  12  are  given  data  bearing  on  the  age  at  which  the 
first  sexual  act  appeared  in  seventeen  normal  rats  reared  imder 
conditions  as  nearly  uniform  as  possible.  The  age  and  number 
of  minutes  given  to  testing  each  rat  prior  to  the  appearance  of 


Digitized  by 


Google 


SBXUAlj  BKHAVIOB  OF  ALBISO  BAT 


127 


S 


8     8S 


00 


8« 

^     *i  *  ^ 
^  «  « 


^      ^      ^ 

^  o  Si 
^  ^  8 

^  * 
00 


aa-8 


:^ 


cl>t^t^t^oOod        ^g?        <P^t^r^ 


S  00 


*.    «    *«    *.    fc    o 

CD  00  C0  CO  Q^  ^ 


00         ^  iH 


%it^^OOCOCDO»^00 


es  o 

*  ^  ^^  * 

I  00  00 


M  00 


&S 


SSSSSJSgSSSi 


iSoKl 


a)OFHe<9eo^tfdcDt^oo 


S  S       S  3  S  S  CI 


Digitized  by 


Google 


128 


CALVIN  P.  8TONB 


the  first  act  are  presented  together  with  the  weight  of  each  rat  at 
the  time  of  the  first  copulation.  The  data  given  in  that  table 
show  that  the  earliest  age  at  which  copulatory  ability  was 
demonstrated  was  sixty-four  days.  Probably  the  normal  age 
falls  somewhere  between  seventy  and  eighty-five  days  in  the 
case  of  well  nourished  rats. 

Table  13  presents  data  bearing  on  the  amount  of  copulation 
young  rats  are  capable  of  doing  at  the  time  copulatory  ability 
is  first  manifested.  This  group  of  males  consists  of  normd 
males,  semi-vasectomised  males,  and  males  with  one  or  more 

TABLE  18 

Copulatory  records  of  young  males  during  periods  of  time  varying  from  60  to  90 
minutes  following  the  initial  copulation.  The  age  of  the  copulating  animal  is 
indicated.  Also  the  condition  of  the  rot — normal^  Uind^  anosmic  or  with  ductus 
deferens  of  one  testide  ligated-^  stated. 


BAT  mniBBB 

Aoa 

IN 
DATS 

BUMBBB 

OTMnrarBB 

TBatBD 

MUMBBB 

or 
copuxATiom 

9 

77 

Nonnal 

6 

13 

10 

88 

Normal 

30 

47 

15 

82 

Nonnal 

80 

31 

18 

64 

Normar 

30 

51 

22 

76 

Anosmio 

12 

8 

23 

76 

Anosmic 

30 

30 

24 

76 

Anosmic 

80 

30 

26 

82 

Blind 

30 

27 

27 

82 

Blind 

20 

53 

28 

88 

Semi-vasectomised 

30 

30 

29 

84 

Semi-vasectomised 

20 

27 

receptors  removed.  No  data  are  available  to  indicate  how  fre- 
quently vaginal  entrance  is  not  effected,  or  an  orgasm  is  not 
reached.  The  number  of  copulatory  attempts  of  the  young 
animal  following  the  initial  copulation  approximates  that  of  the 
well  nourished  adult  animal. 

5.  Summary 

By  way  of  summary  the  points  brought  out  in  this  account  of 
the  prepuberal  activity  of  the  yoimg  male  and  the  initial  copu- 
latory act  may  be  briefly  stated  as  follows: 
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1.  Both  males  and  females  devote  the  greater  part  of  their 
time  to  the  performance  of  activities  that  have  no  relation  to  the 
sexual  act. 

2.  Both  males  and  females  smell  the  ano-vaginal  zone.  This 
may  be  begun  as  early  as  the  twenty-first  day  of  age.  The  smell- 
ing increases  from  day  to  day  until  the  age  of  thirty-five  to 
forty  days  is  reached,  but  thereafter  the  amount  remains  fairly 
constant.  Toward  the  end  of  the  pre-mature  period  the  amount 
of  smelling  is  decreased  in  the  case  of  some  males  because  of  fear 
of  the  adults.  On  the  whole  the  young  males  smell  slightly  more 
than  the  females. 

3.  Young  males  lick  their  external  genitals  more  than  young 
females.  At  first  the  males  lick  only  the  sheath,  but  eventually 
the  licking  is  directed  largely  to  the  glans  penis. 

4.  Copulatory  attempts  were  not  made  prior  to  the  age  when 
sexual  maturity  is  near  at  hand  (sixty  days  or  over).  No  play 
activities  of  a  sexual  nature  approximating  those  of  the  true 
copulatory  act  were  seen  at  any  time.  Observations  on  approx- 
imately fifty  yoimg  males  failed  to  reveal  sexual  play  such  as 
that  referred  to  by  Small  ('99)  in  the  case  of  rats  under  thirty 
days  of  age. 

5.  Pursuit  does  not  in  the  early  age  serve  a  sexual  end» 

6.  The  animals  discovered  the  odoriferous  substances  placed 
on  the  right  elbow  of  the  female  on  the  first  day  it  was  placed 
there  (twenty-three  to  twenty-four  days  of  age).  They  respond 
to  this  odor  in  much  the  same  way  as  they  do  to  va^nal  odors 
at  the  outset.  Gradually  they  cease  or  decrease  the  amount  of 
smelling  of  this  odor. 

7.  Sexual  excitement  does  not  occur  when  a  receptive  female 
is  placed  with  a  yoimg  male  until  the  age  at  which  copulatory 
ability  is  near  at  hand  (approximately  sixty  days  of  age  or  later). 

8.  The  elementary  activities  of  the  copulatory  pattern  in  the 
young  male  are  generally  well  coordinated  at  the  time  of  the 
first  copulatory  act.  In  essential  detail  the  act  as  a  whole  re- 
sembles that  of  the  experienced  male. 

9.  Somatic  sexual  maturity  as  indicated  by  the  presence  of 
free  spermatizoa  in  the  reproductive  tract  does  not  coincide 
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exactly  with  functional  sexual  maturity  as  determined  by  ability 
to  copulate.  The  normal  age  at  which  copulatory  ability  is  de- 
monstrable is  probably  between  seventy  and  eighty-five  days. 
The  variability,  however,  in  animals  reared  under  practically 
identical  environmental  conditions  is  great. 

10^  The  young  male  is  capable  of  copulating  approximately  as 
often  during  a  period  of  thirty  minutes  following  the  initial 
copulation  as  an  adult  rat  during  a  similar  period  of  time.  The 
largest  number  of  copulations  following  the  initial  act  recorded 
in  this  study  is  51  in  thirty  minutes. 

STIMULATION  LBADmG  TO  COPULATOBY  BBSPONSE 

The  results  of  experimental  observation  indicate  that  com- 
plex congenital  behavior  is,  like  the  reflexes^  conditioned  by  an 
hereditary  neural  organization  of  receptors  and  effectors.  This 
hereditary  organization  differs  from  that  of  the  reflexes  chiefly, 
if  not  wholly,  in  complexity  of  coordination.  Hence  it  should  be 
possible,  because  of  this  close  kinship,  to  subject  complex  con- 
genital responses  to  experimental  control  in  a  manner  similar  to 
that  employed  in  the  study  of  typical  reflexes  (Sherrington  '06), 
and,  by  appropriate  variation  of  technique,  to  analyse  and  de- 
fine their  adequate  activating  stimuli  and  the  operation  of  the 
receptor-effector  mechanism.  In  this  way  there  would  be  brought 
together  the  kinds  of  data  needed  to  give  a  complete  account  of 
the  operation  of  complex  patterns  of  congenital  behavior  in 
concrete,  objective  terminology. 

The  literature  on  congenital  responses  contains  many  state- 
ments concerning  the  rdle  of  external  stimulation  in  the  initia- 
tion of  patterns  of  response.  A  statement  from  McDougal's 
"Social  Psychology"*  illustrates  the  general  type.  He  says: 
''In  the  typical  case  some  sense-impression,  or  combination  of 
sense-impressions,  excites  some  perfectly  definite  behavior,  some 
movement  or  train  of  movements  which  is  the  same  in  all  indi- 
viduals of  the  species  and  on  all  similar  occasions." 

*  Sixth  Edition,  p.  26ff. 
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In  a  similar  manner  Haveiock  Ellis*  describes  the  arousal 
of  sexual  activities  through  particular  kinds  of  exteroceptive 
stimulation.    According  to  him: 

External  stimuli  act  at  every  stage,  arousing  or  heightening  the  proc- 
ess of  timiescence,  and  in  nonnal  human  beings  it  may  be  said  that  the 
process  is  never  completed  without  the    aid  of  such  stimuli,  either 

active  or  in  imagination The  chief  stimuli  which  influence 

tumescence  aud  thus  direct  choice  come  chiefly — ^indeed,  exclusively — 
through  the  four  senses  of  touch,  smell,  hearing,  and  sight.  All  the 
phenomena  of  sexual  selection,  so  far  as  they  are  based  externally,  act 
through  these  four  senses. 

He  evaluates  the  four  senses  with  respect  to  their  effectiveness 
in  arousing  sexual  responses  as  follows:  ''Of  the  four  senses — 
touch  is  the  mare  primitive^  and  it  may  he  said  to  he  (he  m^st  im- 
portanty*  though  it  is  usually  the  last  to  make  its  appeal  felt. 
Smell,  which  occupies  the  chief  place  among  many  animals,*  is  of 
comparatively  less  importance,  though  of  considerable  interest, 
in  man;  it  is  only  less  intimate  and  final  than  touch."* 

Such  statements,  although  lacking  in  concrete  detail,  are  of 
interest  in  this  connection  because  they  serve  to  suggest  a  feas- 
ible point  of  attack  for  the  study  of  the  activation  of  the  copu- 
latory  act.  Given  an  inexperienced  male  rat  which  has  reached 
the  stage  of  physiological  development  denoting  copulatory 
ability,  one  needs  only  to  supply  the  adequate  stimulus  to  evoke 
the  copulatory  act.  Under  this  condition,  a  study  of  the  process 
of  activation  consists  primarily  in  the  analysis  and  definition  of 
the  stimuli  acting  together  with  their  mediation  through  the 
agency  of  the  receptors. 

Experiments  along  these  lines,  so  far  as  they  have  been  suc- 
cessful, indicate  that  with  further  extension  of  experimentation 

•  Psychology  of  Sex,  Vol.  4,  p.  1-2  ind. 
^  Italics  mine. 

*  Although  these  quotations  are  taken  from  his  studies  dealing  primarily 
with  the  sexual  life  of  man,  they  have  in  them  points  of  general  applicability 
to  the  sexual  behavior  of  the  lower  animals  as  well,  for  the  fundaments  of  his 
sexual  theory  as  a  whole  are  taken  from  data  of  comparative  physiology  and 
psychology. 
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and  refinement  of  technique  the  activation  of  the  copnlatory 
response  can  be  described  as  completely  as  many  of  the  well 
known  reflexes  have  been  described  by  the  physiologists  (Sher- 
rington '06). 

1.  Experimental  control  of  exteroceptors 

From  what  is  known  of  the  functioning  of  receptors  in  the 
activation  of  well  known  reflexes  (Sherrington  '06)  it  may  be 
inferred,  for  the  purpose  of  setting  up  definite  working  hypothe- 
ses that  their  functions  in  the  initiation  of  the  copulatory  act  in 
the  rat  may  be"aboul  as  follows: 

1.  They  may  serve  to  locate  other  animals  of  the  same  species 
or  animals  capable  of  arousing  sexual  excitement  in  the  male. 
As  distance  receptors  they  may  set  up  seeking  activities. 

2.  They  may  serve  to  differentiate  the  sexes. 

3.  They  may  have  a  selective  sensitivity  for  certain  kinds  of 
stimuli  arising  from  the  female  in  heat.  And  by  means  of  direct 
efferent  connections  with  the  ganglionic  centers  concerned  with 
the  reproductive  mechanism  may  transmit  the  necessary  impulses 
to  arouse  this  mechanism  to  action. 

4.  They  may  serve  to  reinforce  nervous  processes  underlying 
the  sexual  response,  even  though  they  have  no  direct  reflex  con- 
nections with  the  essential  reproductive  mechanism. 

5.  Or,  by  exciting  glandular  activities,  they  may  cause  secre- 
tions to  be  released  into  the  blood  stream  which  have  the  special 
function  of  sensitizing  or  giving  tonus  to  the  neuro-muscular 
mechanism  involved  in  the  act  of  copulation. 

Each  of  the  foregoing  possible  functions  must  be  tested  in 
the  light  of  available  experimental  data  to  determine  which  if 
any  of  them  are  really  involved  in  the  initiation  of  the  sexual 
act. 

A.  Vision.  Very  few  references  to  the  visual  receptors  in  the 
literature  on  sex-studies  indicate  clearly  the  role  of  visual  stimuli 
either  as  facilitators  or  excitors  of  sexual  responses.  Examples 
of  the  courtship  of  birds  and  other  animals  through  display  of 
special  adornments  or  by  movements  of  a  particular  kind  are 
cited  by  Morgan  ('00,  p.  61  ff.)  and  others.    In  this  case  the 
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visual  stimuli  were  thought  to  be  effectual  in  arousing  the  pair- 
ing impulse  in  the  female  bird.  Andrews  ('14)  concludes  that 
visual  stimuli  are  imessential  in  the  conjugation  of  the  crajrfish. 
Banta  ('14)  states  that  the  wood  frog  is  sexually  excited  at  the 
mating  season  by  objects  moving  within  the  radius  of  several 
feet.  From  this  statement  we  infer  that  visual  stimuli  initiated 
the  excitement.  No  previous  investigations  of  the  sexual  func- 
tion of  the  visual  receptors  in  the  rat  have  come  to  the  author's 
attention. 

a.  Operative  technique.  The  eyes  of  rats  were  removed  under 
deep  anaesthesia.  A  small  piece  of  sterile  cotton  was  immediately 
inserted  into  the  orbits  to  absorb  blood  accumidating  from  tran- 
sected branches  of  the  opthalmic  arteries.  After  all  bleeding 
had  ceased  and  the  orbits  were  cleansed,  the  eyelids  were  brought 
together  and  overlaid  by  a  small  cotton-celloidin  dressing.  Case 
reports  of  the  individual  animals  follow. 

b.  Experimental  results.  Rat  26.  Eyes  removed  at  age  of 
thirty  days.  Tested  at  age  of  seventy  days  for  copulation. 
No  signs  of  sexual  excitement  and  no  attempts  at  copulation. 
Again  tested  at  the  age  of  seventy-seven  days.  Mounting  and 
palpation  of  female's  sides  frequent.  Made  complete  copulatory 
attempt  once  but  apparently  did  not  effect  vaginal  entrance. 
Tested  at  age  of  eighty-two  days.  Copulation  appeared  for  first 
time.  In  a  period  of  thirty  minutes  there  were  twenty-seven 
complete  acts. 

Rat  27.  Eyes  removed  at  age  of  thirty  days.  Tested  for 
copulation  at  age  of  seventy-six  days.  Showed  hyperexcitability 
but  did  not  attempt  to  mount.  Tested  at  seventy-seven  days 
of  age.  No  copidation.  At  eighty-two  days  the  test  was  again 
given.  Copulation  appeared.  Record  for  twenty  minutes  was 
forty-nine  complete  acts.  A  remarkable  exhibition  of  potency 
was  found  in  this  animal.  He  copulated  thirteen  times  during 
the  first  three  minutes,  and  the  same  number  of  times  during  the 
second  three  minutes. 

In  the  foregoing  experiments  with  animals,  normal  in  every 
way  except  that  visual  receptors  were  not  present,  no  diminution 
in  sexual  excitement  was  observed  in  the  yoimg  males  prior  to 
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the  initial  copulatory  act.  Since  they  responded  to  the  move- 
ments of  the  receptive  females  by  purstiit  and  mounting,  it  is 
evident  that  visual  stimuli  were  not  necessary  for  the  perception  of 
these  characteristic  movements.  The  age  at  which  copulation 
began  is  within  the  limits  of  variability  for  normal  males  (table 
12,  p.  127).  The  number  of  copulations  of  each  anunal  during 
twenty  or  thirty  minutes  following  the  first  act  gives  no  indica- 
tion of  handicap  either  in  potency  or  in  ability  to  find  the  female 
in  the  cage  (table  13,  p.  128,  rats  26  and  27).  The  copulatory 
record  of  no.  27  during  twenty  minutes  exceeds  that  of  any  other 
animal  tested  in  the  laboratory.  No  experimental  data  is  avail- 
able to  indicate  to  what  degree  vision  is  used  in  locating  oth^ 
animals  of  the  same  species  or  in  differentiating  animals  of  the 
same  sex.  In  the  above  experiment  neither  of  these  functions 
was  called  for  because  of  the  condition  of  confinement  during 
the  observation.  Casual  observation  of  cage  activities  of  rats  of 
various  sizes  has  led  to  the  impression  that  rats  from  forty  to 
fifty  days  of  age  have  acquired  habits  of  responding  to  the  size 
of  other  AnjinRlfl  without  first  coming  into  physical  contact  with 
them.  If  this  impression  is  true,  one  might  expect  to  find  that 
the  blind  young  males  might  be  much  less  aggressive  in  their 
natural  habitat  if  forced  to  compete  in  sexusd  activities  with 
larger  males  because  of  the  tendency  of  the  larger  to  dominate 
the  smaller.  The  dominating  habits  of  the  larger  males  might 
bring  about  an  accentuation  of  the  fear  and  defense  response  in 
the  presence  of  other  animaJs  of  either  sex  which  would  effec- 
tually shunt  all  congenital  sexual  responses. 

B.  Olfaction.  It  is  generally  beUeved  that  the  sense  of  smell 
plays  a  very  important  part  in  the  excitation  of  sexual  response 
in  various  kinds  of  animals.  This  belief  is  founded  upon  the 
observation  of  males  smelling  the  external  genitals  of  females 
prior  to  copulation.  In  the  case  of  the  rat,  vaginal  smelling  is  a 
practice  so  compion  that  different  investigators  have  considered 
it  an  '^  excitant"  to  sexual  activity.  Thus  Steinach  (10)  in 
discussing  the  arousal  of  the  sexual  impulse  in  rats  assigned  to 
the  olfactory  sense  the  function  of  setting  the  neural  mechanism 
concerned  with  the  copulatory  act  into  activity  after  it  has  been 
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made  ready  for  action  by  the  influence  of  internal  secretions  from 
the  reproductive  glands.    He  wrote  as  follows: 

In  bezug  auf  die  Geschlechtsfunktionen  kann  man  genau  verfolgen, 
daaz  sich  die  Wirkungen  sunachst  auf  das  Gehim  konzentrieren.  Die 
Ganglien  werden  instand  gesetzt,  die  vom  Weibchen  ausgehenden 
SinneseindrQcke  (bie  den  Ratten  sind  es  namentlich  GeruchseindrQcke) 
in  LustgefQhle  umzuwerten.  Es  entsteht  das,  was  man  heftigen  Trieb 
sum  Weibchen  oder  starke  geschlechtliche  Aufregung  nennt. 

In  a  similar  tone  von  Bechtrew  (211^  vol.  I,  p.  395)  writes  of  the 
r61e  of  smell:  ^'Im  engsten  Zusammenhang  mit  den  Geschlects- 
funktionen  steht  der  Geruchsinn,  vor  allem  in  der  Tierwelt. 
Bei  vielen  Tieren  spielt  f  emer  der  Geschlecksinn  die  RoUe  eines 
m&chtigen  Erregers  des  Sexualtriebes." 

a.  Operative  technique.  A  midnsagittal  incision  was  made 
in. the  scalp  from  points  midway  between  the  ears  and  the  eyes. 
On  either  side  of  the  incision  the  skin  was  retracted  thus  lay- 
ing bare  the  skull.  The  skull  plate  was  trephined  lateral  to  the 
mid-line  at  sufficient  distance  to  avoid  rupture  of  the  superior 
sagittal  sinua  beneath.  With  bone  forceps  a  small  triangular 
piece  of  bone,  marked  off  by  the  trephine  openings,  was  r^noved. 
This  opening  was  just  large  enough  to  permit  of  the  insertion 
of  an  instrument  approximately  one  and  one  half  millimeters 
wide.  The  removal  of  the  small  piece  of  skull  plate  left  exposed 
the  dura  mater  over  the  posterior  part  of  the  olfactory  bulb 
and  the  anterior  portion  of  the  frontal  lobe.  Special  care  in 
cutting  through  the  meninges  was  exercised  in  order  to  avoid 
rupture  of  the  superior  sagittal  sinus.  With  this  small  opera- 
tive field  it  is  usually  impossible  to  sever  the  olfactory  bulb 
from  the  frontal  pole  without  rupturing  the  anterior  cerebral 
arteries  as  they  swing  around  the  frontal  poles.  The  bulb  was  cut 
from  the  brain  by  introducing  a  small  cautery  into  the  opening 
of  the  skull  and  thrusting  it  downward  to  the  base  of  the 
skuUy  thence  moving  it  sufficiently  both  medialward  and  lat- 
eralward  to  effect  complete  transection  of  the  bulb  just  ante- 
rior to  the  frontal  lobe.  Without  removal  the  cautery  was  then 
so  manipulated  that  the  tip  moved  forward  in  the  ethmoidal 
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groove  to  the  posterior  wall  of  the  frontal  sinus.  This  served  to 
destroy  the  filaments  of  the  olfactory  nerve  which  enter  the  bnlb, 
coming  from  the  nasal  end-organs,  through  the  cribiform  plate, 
and  provided  a  safeguard  against  functioning  of  olfactory  system 
in  the  event  that  a  small  bundle  of  fibers  of  the  tract  was  not 
transected.  Time  was  allowed  for  coagulation  of  the  blood 
coming  from  the  ruptured  arteries  and  veins;  then  all  coagulated 
blood  was  removed  by  means  of  sterile  cotton  and  the  wound 
was  closed.  The  cut  edges  of  the  integument  and  superficial 
fascia  were  brought  together  and  sutured  by  interrupted  stitches 
and  a  thin  cotton  celloidin  dressing  was  applied  to  the  region  of 
the  incision. 

b.  Experimental  results.  Rat  22.  Operated  at  age  of  thirty 
days.  Operation  incomplete.  Second  operation  age  sixtynsix 
days.  Successful.  Tested  at  age  of  seventy-six  days.  Copu- 
lated after  eight  minutes  forty  seconds  exposure.  Record  for 
first  twelve  minutes  was  eight  copulations.  Record  of  copular 
tions  for  thirty  minutes  at  the  age  of  eighty-one  days  was  twenty- 
one.    Autopsy  showed  complete  destruction  of  bulbs. 

Rat  23.  Operated  at  age  of  thirty  days.  Operation  not  suc- 
cessful. Operated  at  age  of  sixty-one  days  with  complete  aboli- 
tion of  smelling.  Tested  at  age  of  seventy  days  for  eight-minute 
period.  At  time  for  second  period  female  was  no  longer  recep- 
tive. No  signs  of  sexual  excitement  in  the  first  trial.  Tested 
at  the  age  of  seventy-five  days.  Copulated  at  end  of  fifty-five 
seconds  after  female  was  placed  in  cage.  Did  not  ^ect  vaginal 
entrance.  No  further  attempts  in  six  minutes.  In  second  period 
of  six  minutes  no  ftirther  copulations.  At  third  period  of  ex- 
posure, copulation  full  and  complete  was  renewed  at  fourteen 
minutes  after  female's  return  to  the  cage.  Record  for  one  half 
hour  was  thirty  copulations.  Autopsy  showed  complete  destruc- 
tion of  bulbs. 

Rat  24.  Operated  at  age  of  thirty  days.  Incomplete  destruc- 
tion. Second  operation  at  age  of  sixty-two  days.  Complete 
abolition  of  smelling.  Tested  at  age  of  seventy-one  days  for 
periods  of  six  minutes,  eight  minutes.  No  attempts  at  copular 
tion,  although  there  was  frequent  mounting  without  definite 
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clasping  and  with  no  palpation.  Probably  not  sexually  ex- 
cited. Tested  at  age  of  seventy-six  days.  No  copulation  in 
fiist  period  of  eight  minutes  or  second  ci  six  minutes,  but  copu- 
lation appeared  in  two  seconds  after  female's  entrance  in  the 
third  period.  Record  for  one  half  hour  was  thirty  copulations. 
Autopsy  showed  complete  destruction  of  bulbs. 

Rat  25.  Operated  at  age  of  thirty  dajrs.  Operation  did  not 
destroy  sense  of  smell.  A  few  days  after  the  operation  smelling 
was  renewed.  Second  operation  at  age  of  sixty  days.  Before 
the  woimd  had  entirely  healed  a  slight  scalp  infection  was  noticed 
which  infected  the  meninges  at  the  point  of  operation  and  prob- 
ably a  part  of  the  frontal  pole.  This  caused  arrest  of  growth 
for  approximately  two  and  one-half  weeks.  Recovery  was  very 
slow. 

Tested  for  copulation  at  age  of  seventy-six  days  for  peri- 
ods of  eight  minutes,  six  minutes.  No  mounting  or  signs  of 
excitement. 

Tested  at  age  of  eighty-two  days  for  periods  of  six  noinutes, 
five  minutes,  six  minutes,  six  minutes.  Placed  fore  feet  on 
female's  back  and  bit  at  her  head  short  time,  but  was  idle  after 
three  minutes.  No  mounting  or  signs  of  excitement  during 
first  two  periods.  During  third  period  he  jumped  on  female  and 
clasped  her  firmly  in  true  copulatory  style,  but  did  not  palpate 
or  pistonate.  Tested  at  age  of  eighty-eight  days  for  periods  of 
six  minutes,  eight  minutes,  eight  minutes.  No  excitement 
shown  at  any  of  the  periods.    Idle  after  first  two  minutes. 

Tested  at  age  of  ninety-four  days;  periods  eight  minutes, 
eight  noinutes,  eight  minutes.  (At  this  time  the  testes  were 
small  and  flacid.  The  scrotum  was  pale.)  No  movements  of  a 
sexual  nature  during  the  first  period.  During  the  second  and 
third  repeated  mounting  and  definite  clasping  without  palpation 
were  seen. 

Tested  at  age  of  ninety-six  days;  periods  eight  niinutes,  eight 
minutes.  During  the  first  period  male  mounted  and  clasped 
several  times  but  did  not  palpate.  Female  kicked  him  with  her 
hind  foot  and  made  him  wary  of  her  for  a  short  time.  During 
the  second  period  he  mounted  and  palpated  and  once  made  the 


Digitized  by 


Google 


138  CALVIN  P.  BTONS 

copulatory  movements.  Entrance  to  vagina  not  effected. 
Mounting  repeated  several  times,  but  no  further  copulatory 
movement.    Female  ncm-receptive  when  third  trial  was  begun. 

Tested  at  one  hundred  and  seven  days.  Copulated  at  four 
minutes,  fifty-four  seconds  after  female  was  placed  in  cage.  Tried 
to  copulate  with  female  at  end  of  fifteen  seconds  after  her  en- 
trance to  the  cage,  mounting  with  her  head  between  his  l^s. 
Mounting  and  palpation  frequent  before  the  first  copulatory 
movements  were  made.  Female  very  resistant,  therefore  no 
record  for  thirty  minutes  was  secured.  Autopsy  showed  com- 
plete destruction  of  bulbs  and  considerable  necrosis  in  frontal 
pole. 

The  foregoing  experiments  on  the  removal  of  the  olfactory 
receptors  show  clearly  that:  (1)  ThesenaeofsmeU  is  not  essential 
to  the  appearance  of  the  sexual  ad  in  the  inexperienced  male;  (2) 
Thai  is  has  no  direct  connections  xvitii  reflex  medianisms  of  the  copur 
latory  act,  the  abolUion  of  which  will  entirely  eliminate  the  act  of 
coition;  (3)  That  its  excitatory  function  in  the  inexperienced  male 
is  douh^ulf  and,  if  really  present  under  certain  circumstances,  is 
not  essential  to  the  initiation  of  the  act;  (4)  That  in  its  absence  the 
appearance  of  the  sexual  act  is  neither  retarded  ru>ticeal>ly  nor  the 
potency  of  the  young  male  modified,  providing  the  operations  do 
not  result  in  complicating  factors. 

It  seems  probable  that  under  normal  conditions  these  receptors 
are  used  to  some  extent  in  differentiating  the  sexes,  and  in  cer^ 
tain  cases  as  distance  receptors  by  which  the  location  of  the 
female  is  determined. 

The  erroneous  nature  of  Steinach's  view  is  clearly  established 
by  the  results  obtained  with  anosmic  animalfl  in  this  study. 
Likewise  it  has  been  shown  that  olfactory  stimuli,  although  pos- 
sible facilitators  of  the  sexual  instincts  as  von  Bechtrew  believes, 
are  unessential  activators  and  no  perceptible  modification  of 
behavior  follows  their  elimination.  The  conclusions  with  re- 
spect to  smell  are  essentisdly  in  accord  with  von  Bechtrew's 
statement  as  to  the  importance  of  the  olfactory  stimuli  for  the 
arousal  of  the  sexual  instincts  of  the  dog,  except  that  it  lends  no 
support  to  the  view  that  smell  has  an  excitatory  function.    With 
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respect  to  olfactory  stimuli  and  the  sexual  instinct  of  the  dog, 
he  says: 

Ebensowenig  bewirkt  die  Zweiseitige  Abragung  der  Lobi  Olf actori  des 
Hundes  eine  Stdning  der  Geschlechtsfunktionen.  Die  so  operierten 
Tiere  wiesen  analogie  Verhaltnisse  der  Libido  sexualis  auf ,  wie  gesunde 
Tiere;  der  einzige  Unterschied  zwischen  ihnen  bestand  darin,  dasz  sie, 
des  Geruchssinnes  beraubt,  nicht  selten  ihren  Greschlechtstrieb  nicht 
nur  Wfthrend  der  Laufzeit,  sondem  auch  auszerhalb  derselben  zu  be- 
fried^n  suchten. 

Man  moge  hieraus  abnebmen,  dasz  die  von  einigen  Autoren  vertretene 
Anstcht,  der  Geruchssinn  spiele  die  Hauptrolle  der  Geschlechtsfunktion, 
nicht  ohne  weitererichtig  ist. 

Dasz  der  Geruchssinn  die  Bedeutung  eines  richtigen  Hilfsfaktors  fUr 
die  Enr^^ung  des  Geschlechtatriebes  bei  einigen  Tieren  spielt,  ist  zutref- 
fendy  aber  auch  nicht  mehr,  denn  auch  nach  dem  Verlust  des  Geruches 
befriedigen  diese  Tiere  noch  ihnen  Geschlechtstrieb.  [von  Bechtrew 
Cll)  p.  1696.1 

C.  Vision  and  oJfacHan.  Since  no  noticeable  effect  on  the 
appearance  of  the  act  of  copulation  in  the  young  animal  result- 
ing from  the  loss  of  sight  or  smell  was  found,  it  was  thought 
advisable  to  test  the  effect  of  removal  of  the  two  senses  in  a 
single  individual  before  the  act  had  been  initiated.  The  results 
of  this  experiment  follow: 

Rat  30.  Operated  at  the  age  of  thirty  days  to  render  anosmic. 
First  operation  successful.  No  attempts  at  smelling  later  at 
any  time.  Kept  in  isolation  until  seventy  days  of  age,  then  eyes 
removed  and  vibrissae  cut  short.  Placed  with  two  others  in 
similar  condition  for  short  periods  daily,  after  seventy-third 
day  and  until  the  seventy-seventh  day,  to  accustom  him  to  the 
contact  of  other  animals  in  the  cage.  Tested  at  age  of  seventy- 
eight  days  for  periods  of  ten  minutes  and  fifteen  minutes  but  no 
excitement  was  shown.  Copulated  at  age  of  eighty-two  dis^ys 
after  a  period  of  exposure  of  six  minutes.  Copulated  during 
the  subsequent  five  minutes  as  frequently  as  normal  animals. 
Autopsy  showed  complete  destruction  of  olfactory  bulbs. 

Rat  31.  Operated  at  the  age  of  thirty  days  to  render  anosmic. 
Operation  successful.    Conditions  of  confinement  same  as  those 
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of  Rat  65.  Eyes  removed  at  age  of  sixty-eight  days.  Tested 
age  of  seventy-six  days  for  copulation  for  periods  of  twelve  min- 
utes and  sixteen  minutes  but  no  attempts  at  mounting  were 
made.  Tested  at  age  of  eighty  days.  Copulation  followed  the 
introduction  of  the  female  into  the  cage  in  forty-five  seconds. 
Frequency  of  the  act  normal.  Autopsy  showed  complete 
destruction  of  olfactory  bulbs. 

Rat  32.  Operated  at  the  age  of  thirty  days  to  render  anosmic. 
Operation  successful.  Conditions  of  confinement  same  as  those 
of  the  other  two  above.  Eyes  and  vibrissae  removed  at  age  of 
sixty-eight  days.  Tested  for  copulation  at  age  of  seventynsix 
days  for  periods  of  twelve  minutes  and  sixteen  minutes  with  no 
signs  of  sexual  excitement.  Tested  at  age  of  eighty  days.  Copu- 
lated four  and  one-half  minutes  after  female  was  placed  into  the 
cage.    Autopsy  showed  complete  destruction  of  olfactory  bulbs. 

The  anosmic  rats  in  which  the  act  of  copulation  was  initiated 
in  the  absence  of  smell  only  were  subjected  at  a  later  time  to 
other  observations  following  the  removal  of  their  eyes.  The 
results  of  these  tests  follow: 

Rat  23.  (Anosmic  and  sexually  experienced  in  copulation.) 
First  copulation  at  age  of  seventy-five  dajrs.  Operated  at  age 
of  eighty-one  days  to  remove  eyes.  Tested  for  copulation  at 
age  of  eighty-eight  days,  seven  days  after  eyes  were  removed. 
Copulaled  four  seconds  after  female  was  placed  in  cage.  Record 
for  one  half  hour  was  thirty-seven  copulations. 

Rat  24.  (Anosmic  and  sexually  experienced  in  copulation.) 
On  seventy-sixth  day  of  age  copulated  for  period  of  thirty  minutes. 
Eyes  removed  at  age  of  eighty-one  days.  Tested  at  age  of 
eighty-two  days,  one  day  after  eyes  removed.  Copulated  seven 
seconds  after  female  entered  cage.  Record  for  one  half  hour  was 
twenty-nine  acts. 

D.  Vision,  olfaction  and  taste.  The  taste  receptors  were 
effectively  controlled  and  eliminated  as  factors  in  the  initiation 
of  the  copulatory  response  without  destruction  of  the  special 
end  organs.  The  anosmic  animals  observed  ceased  all  vaginal 
exploration  when  brought  into  the  company  of  the  female  after 
the  olfactory  bulbs  were  destroyed.    Young  anosmic  animals 
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tested  for  copulation  b^an  the  act  without  any  licking  of  the 
female  either  in  the  vagLaal  or  other  regions  of  the  body.  Hence 
it  is  clear  that  taste  played  no  part  in  the  arousal  of  the  copular 
tory  response. 

E.  Vuian,  olfadionj  taste,  and  vibrissae.  Rats  30,  31,  32 
when  both  blind  and  anosmic  were,  in  addition,  without  vibris- 
sae.  From  the  age  of  approximately  fifty  days  the  vibrissae 
were  kept  cut  close  to  the  skin.  Both  copulated  as  the  records 
given  heretofore  indicate  without  signs  of  handicap  from  the 
loss  of  vibrissae. 

F.  AudUian.  Less  is  known  concerning  the  function  of  audi- 
tion in  the  initiation  of  sexual  behavior  than  concerning  the 
other  primary  senses.  Many  examples  of  the  use  of  vocaliza- 
tions in  the  courtship  of  birds  are  given  by  Darwin  ('01),  but  in 
these  cases,  it  appears  that  the  calls  were  made  by  the  male  for 
the  purpose  of  arousing  the  pairing  impulse  in  the  female.  The 
mating  calls  of  many  of  the  larger  mammals  during  the  rutting 
season  are  well  known,  but  these  calls  are  means  of  locating  others 
of  their  kind,  particularly  of  the  other  sex.  Craig  ('14)  reports 
that  doves  employ  vocalizations  in  the  preliminary  courting 
behavior.  One  male,  however,  was  observed  which  omitted 
the  calls  entirely  for  a  long  period  of  time.  Some  observations 
on  the  sex  behavior  of  the  Poitu  jacks  reported  by  Pearl  ('13) 
from  the  Breeder's  Gazette  indicate  that  auditory  stimuli  may 
become  effectual  in  arousing  sexual  excitement.  Such  devices 
as  ''sing-song"  whistling,  and  klicking  of  the  latch  were  success- 
fully employed  by  the  keepers.  In  this  case,  the  response 
described  is  without  doubt  a  result  of  habit  formation.  Have- 
lock  Ellis  (foregoing  quotation,  p.  44  ff .)  is  inclined  to  regard 
the  auditory  sense  as  the  least  important  of  the  four  primary 
senses  for  the  arousal  of  sexual  desires  in  man. 

In  the  case  of  the  rat  it  is  probable  from  observations  at  hand 
that  under  certain  conditions  (rats  blind  and  anosmic)  the  male 
receives  auditory  cues  from  the  movement  of  the  female  about 
the  cage  which  serve  to  guide  him  in  his  approach  to  her.  Such 
soimds  as  the  female  makes  in  her  cage  movements  are  not  of 
such  distinctive  character,  however,  as  would  permit  of  differen- 
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tiating  the  sexes  or  discriminating  between  the  receptive  and 
the  non-receptive  female.  Since  the  female  makes  no  vocaliza- 
tions characteristic  of  the  oestral  cycle  it  may  be  assumed,  there- 
fore, that  these  stimuli  play  no  direct  part  in  the  arousal  of 
sexual  activity  in  the  young  male.  Experimental  results  on 
the  control  of  audition  will  be  given  although  the  data  is  less 
conclusive  for  this  sense  than  for  the  senses  just  discussed. 

With  rats  23  and  24,  which  were  at  this  time  blind,  anosmic 
and  without  vibrissae,  and  had  previously  been  observed  to 
copulate,  an  attempt  was  made  to  prevent  audition  by  destruc- 
tion of  the  tympanic  membrane  of  the  middle  ear  and  filling  the 
tympanic  cavity  and  the  external  auditory  meatus  with  melted 
paraffin.  Control  tests  showed  that  the  animals  could  hear 
and  localize  sounds.  Next  an  attempt  was  made  to  destroy 
the  cochlear  ganglion  by  the  injection  of  absolute  alcohol  into 
the  cochlea.  Control  tests  showed  that  the  ability  to  localize 
sounds  was  greatly  unpaired,  but  that  there  still  remained  some 
ability  to  respond  to  auditory  stimuli.  Diffusion  of  the  alcohol 
along  the  trunk  of  the  auditory  nerve  affected  not  only  the 
auditory  sense  but  also  the  vestibular  apparatus  with  the  result 
that  undesirable  interference  with  the  equilibratory  mechanism 
was  produced.  This  complication  made  it  necessary  to  abandon 
the  method  and  the  problem  was  dropped  temporarily  until 
satisfactory  technique  for  the  unequivocal  control  of  the  audi- 
tory receptor  could  be  worked  out. 

When  tested  for  copulation,  both  rats  23  and  24  continued 
to  copulate  following  the  partial  destruction  of  the  auditory 
sense  organ,  although  the  equilibratory  mechanism  was  greatly 
disturbed. 

G.  Cutaneous  and  deep  sensiMlity.  Cutaneous  and  deep 
sensibility  appear  to  be  the  most  fundamental  senses  involved 
in  the  arousal  of  the  copulatory  response.  It  is  probably  the 
medium  through  which  afferent  impulses  are  aroused  which 
cause  the  definite  mounting  clasp,  erection  of  the  penis  pelvic 
movements  whereby  the  penis  is  brought  into  contact  with  the 
walls  of  the  vagina,  and  the  other  constituent  elements  of  the 
copulatory  response.    Ejaculation,  likewise  is  probably  brought 
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about  by  tactual  and  thermal  stimulation  of  the  penis  within 
the  walls  of  the  vagina.  Just  how  these  stimuli  produce  their 
effects  is  a  problem  for  future  analysis. 

Cutaneous  and  deep  sensibility  have  not  been  subjected  to 
experimental  control  in  this  study.  Technical  difficulties  en- 
countered in  the  control  of  their  individual  receptors  are  ex« 
ceedingly  great  and  may  prove  to  be  unsurmountable  because 
of  their  inaccessability  and  the  diffuse  distribution  throughout 
the  body.  The  use  of  drugs  for  the  dissociation  of  sensibility 
for  particular  regions  of  the  body  is  unsatisfactory  because  of 
the  difficulty  of  controlling  and  limiting  the  range  of  drug  influ- 
ence on  neighboring  tissues.  Nerve  section  followed  by  gross 
dissection  and  histological  examination  at  autopsy  to  determine 
the  range  of  distribution  of  destroyed  nerves  may  be  a  feasible 
method  of  dissociating  the  cutaneous  from  the  deep  sensibilityi 
but  this  method  of  approach  will  involve  refinement  of  technique 
beyond  that  now  available. 

Further  definition  of  the  adequate  stimulus  has  been  attained 
Uurough  observation  of  the  behavior  of  young  males  and  adult 
females  at  the  time  of  t)ie  initial  copulation  of  the  f ormerJ  This 
has  also  been  accomplished  by  the  use  of  artificial  patterns  of 
stimulation  to  evoke  the  sexual  act. 

i.  ArHJi4n(U  r€producH(m  of  pattern  of  st^^ 

While  young  males  were  being  tested  to  determine  the  earliest 
age  at  which  copulatory  ability  appears  it  was  discovered  that 
the  amount  of  sexual  excitement  aroused  in  the  young  male 
depended  to  a  marked  degree  on  the  excitability  and  responsive- 
ness of  the  receptive  female.  Females  that  were  very  sensitive 
and  move  quickly  upon  being  touched  by  the  young  male  were, 
invariably^  most  effective  in  arousing  sexual  aggression  on  the 
part  of  the  male.  On  the  other  hand,  those  that  were  unrespon- 
sive to  the  light  tactual  stimuli  of  the  male,  sniffing  and  nosing 
the  ano-vaginal  zone,  but  responded  only  to  vigorous  treatment, 
such  as  the  more  aggressive  adults  were  accustomed  to  administer, 
seldom  aroused  strong  and  prolonged  sexual  excitement  in  the 
inexperienced  male.    This  observation  is  true  for  adult  males, 
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as  well,  which  are  not  aggressive  or  are  on  the  verge  of  sexual 
impotency.  On  several  occasions  aggressive  adult  males  were 
seen  copulating  repeatedly  with  lethargic  females,  whereas  other 
potent  but  less  aggressive  adults  made  no  attempts  whatever. 

Practical  application  of  the  foregoing  discovery  was  made  in 
an  endeavor  to  provide  artificially  a  movement-stimulus  which 
would  serve  as  an  inducement  for  the  young  to  attempt  copu- 
lation with  a  non*receptive  rat  from  which  none  of  the  odors 
characteristic  of  the  female  in  heat  emanated.  In  this  way  it 
seemed  probable  that  some  evaluation  of  the  importance  of  the 
movement-stimulus  could  be  made  in  the  absence  of  the  olfac- 
tory stimulus. 

A  female,  having  been  tested  and  found  unreceptive,  was 
made  extremely  sensitive  to  touch  in  the  vaginal  region  by  paint- 
ing the  root  of  the  tail  and  the  ano-vaginal  zone  with  a  very 
weak  solution  of  hydrochloric  acid.  She  was  then  placed  with 
a  vigorous  young  male  seventy-eight  days  of  age  which  had  not 
had  previous  experience  in  copulation.  In  a  short  time  the  male 
began  nosing  and  licking  in  the  vaginal  region.  The  female 
responded  to  these  tactile  stimuli  applied  in  the  hypersensitive 
vaginal  zone  by  jimiping  away  from  him.  Signs  of  sexual  ex- 
citement with  a  tendency  to  follow  appeared  at  once  in  the  male. 
This  mild  excitement  and  sexual  aggression  was  continued  for  a 
few  minutes  with  no  accentuation  until  finally  the  female  upon 
being  touched  darted  forward  suddenly  in  the  cage  away  from 
the  male.  He  pursued  instantly  and,  overtaking  her  with  a 
few  bounds,  performed  the  complete  copulatory  act  insofar  as 
this  was  possible  without  the  cooperative  action  of  the  female. 
He  repeated  the  act  again  and  again  before  the  female  was  re-  I 

moved  from  the  cage.  Similar  responses  were  obtained  with 
another  young  male  by  modifying,  in  a  similar  manner,  the  | 

behavior  of  a  non-receptive  female  so  that  it  resembled  the  | 

characteristic  behavior  of  the  receptive  female. 

In  another  instance,  a  young  female  guinearpig,  whose  size 
approximated  that  of  an  adult  rat,  was  placed  into  the  cage  of  an  | 

inexperienced  male  seventy-four  days  of  age.    This  rat  had  been  | 

reared  in  isolation  from  the  age  of  thirty-five  days.    Although  he  i 
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had  never  before  been  with  an  animal  other  than  his  kind,  he 
approached  the  guinesrpig  without  fear.  The  latter  was  moder- 
ately tame,  but  ran  from  the  rat  when  he  touched  her  while 
nosing  about.  In  a  short  time  he  began  smelling  and  nosing  in 
the  vaginal  region  whereupon  the  young  guinearpig  ran  away; 
but  the  yoimg  male  did  not  pursue  at  this  time.  They  were  left 
together  in  the  cage  for  one  hour  with  no  signs  of  sexual  excite- 
ment on  the  part  of  the  male.  Three  hours  later,  the  same 
guinea-pig  was  returned  to  the  cage  of  the  rat.  As  in  the  pre- 
vious instance,  the  latter  soon  began  nibbling  and  smeUing  and 
as  before,  she  darted  away  when  he  touched  the  sensitive  repons 
about  the  vagina.  Gradually  after  numerous  repetitions  of  the 
smelling  and  the  female's  running  away  the  male  began  to  mani- 
fest signs  of  sexual  excitement.  Eventually  he  pursued  and 
attempted  to  mount  her  as  she  darted  forward.  Mounting 
attempts  more  vigorous  and  persistent  followed,  and  before  the 
period  of  observation  ended  he  was  seen  on  several  occasions  in 
hot  pursuit  of  the  guinea-pig  with  his  fore-paws  clasping  her 
sides  and  leaping  along  behhid  her  on  his  hind  feet  as  she  darted 
about  the  cage.  Subsequent  trials  resulted  in  a  repetition  of  the 
foregoing  behavior.    Copulation  was  not  observed. 

To  summarize  the  foregoing  preliminary  experiments  it  may 
be  said  that  the  following  objects  are  adequate  to  evoke  the 
copulatory  act  in  an  inexperienced  male  which  has  reached  the 
proper  state  of  physiological  development:  an  active  female  in 
heat,  and  a  female  not  in  heat  which  has  been  made  to  respond 
to  his  e^q^loratory  activity  by  quick  movements  resembling  those 
of  a  female  in  heat.  Sexual  excitement  was  aroused  followed  by 
partial  attempts  at  copulation  by  a  small  guinea-pig  which  moves 
about  the  cage  in  a  maimer  somewhat  resembling  that  of  the 
female  in  heat. 

GEKEBAL   BEMABKS 

The  scope  of  this  study  is  limited  to  an  account  of  the  copula- 
tory pattern  and  its  activation.  Data  bearing  on  the  internal 
factors  which  condition  the  response  will  be  presented  in  a  sub- 
sequent paper.    In  its  present  stage  of  completion  this  investi- 
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gation  leaves  many  unsolved  problems  for  futiire  consideration, 
but,  nevertheless,  it  demonstrates  clearly  the  fruitfulness  of 
the  experimental  method  of  approach.  Certain  data  consid- 
ered briefly  in  the  foregoing  pages  are  of  sufficient  importance 
because  of  their  bearing  on  the  general  subject  of  congenital 
behavior  to  justify  greater  emphasis  than  heretofore  given. 

1.  Three  fundamental  aspects  of  congenital  behavior 

From  the  standpoint  of  objective  psychology,  the  chief  lines 
of  interest  in  unmodified  congenital  behavior  center  in  three 
fundamental  aspects  of  its  nature  and  operation.  These  lines 
of  interest  call  for  studies  of  particular  patterns  of  congenital 
behavior  for  the  purpose  of  analyzing:  (1)  The  constituent 
elements  and  their  temporal,  serial,  and  functional  relation* 
ships;  (2)  The  kinds  of  stimuli  adequate  to  evoke  the  unit  of 
response  under  observation  and  the  manner  in  which  they  acti- 
vate the  effectors  through  the  medium  of  the  receptors  and  the 
nervous  system;  and  (3)  The  internal  factors  operating  within 
the  organism  to  (a)  provide  the  special  structures,  if  any,  in- 
volved in  the  response,  (6)  to  integrate  these  and  other  struc- 
tures into  mechanisms  for  coordinated  action,  and  (c)  to  sensi- 
tize the  receptor-effector  mechanism  for  response  of  a  definite 
pattern  to  stimuli  of  a  special  character. 

Having  analyzed  each  of  these  aspects,  the  experimenter  will 
then  be  prepared  to  give  not  only  a  detailed  accoimt  of  the  initial 
appearance  of  the  pattern  of  behavior  studied,  but  also  will  have 
acquired  the  factual  backgroimd  needed  to  facilitate  an  examina- 
tion of  the  modification  it  imdergoes  during  a  life  of  exercise  in 
an  ever  changing  environment.  Thus  can  be  brought  together 
a  valuable  fund  of  scientific  information  which  will  be  of  service 
to  students  of  psychology  and  closely  related  sci^ices  who  are 
concerned  with  the  application  of  all  available  facts  in  the  field 
of  native  behavior. 

£.  The  copvlalory  act  an  hereditary  mechanism 

The  results  of  this  investigation  substantiate  the  generally 
accepted  view  that  the  copulatory  response  is  the  action  of  an 
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hereditary  mechanism.  No  evidence  was  found  supporting  the 
view  esq^ressed  in  a  recent  paper  (Kuo  '21),  in  which,  if  my 
interpretation  of  the  article  is  correct,  the  author  denies  the 
hereditary  organization  of  such  mechanisms.  He  regards  them 
as  products  of  experience.  A  careful  consideration  of  the  experi- 
mental data  on  this  subject  indicates  quite  clearly,  it  seems,  that 
this  latter  view  is  not  in  harmony  with  the  existing  facts. 

5.  Precision  in  the  initial  copvlatory  act 

The  copulatory  act  differs  quite  strikingly  from  many  of  the 
early  post-natal  responses  with  respect  to  the  precision  of  func- 
tioning of  its  elementary  components.  Greater  precision  is  to 
be  expected,  however,  because  of  the  more  advanced  stage  of 
physiological  development  reached  by  the  animal  prior  to  the 
first  copulatory  act.  The  slight  irregularities  described  in  a 
foregoing  section  of  the  paper  may  be  variously  explained.  In 
some  instances  they  are  probably  the  result  of  physiological 
immatiuity  of  some  of  the  structures  involved;  in  others,  due  to 
incomplete  integration  of  the  elementary  activities  of  the  copu- 
latory unit  or  to  incomplete  dissolution  of  these  elements  from 
other  distinctly  foreign  units  with  which  they  have  functioned 
previously;  or,  again,  they  may  arise  from  the  failure  of  neural 
arcs  of  the  copulatory  act  to  gain  priority  over  other  arcs  aroused 
by  stimuli  acting  simultaneously  with  the  stimulus  adequate  to 
evoke  the  copulatory  act.*  The  vigor  of  the  copulatory  mechan- 
ism in  the  young  male,  as  measured  by  the  munber  of  complete 
copulatory  attempts  made  in  a  given  time  interval,  closely  approx- 
imates that  of  the  experienced  adult.  This,  however,  cannot 
be  taken  as  a  measure  of  relative  precision  in  the  delivery  of  the 
spermatazoa  and  their  fluid  media  to  their  proper  receptacle  in 
the  reproductive  tract  of  the  female.  Data  which  indicate  the 
rate  and  range  of  improvement  in  this  function  are  not  available. 
4.  Native  and  modified  native  elements  comprise  the  copulatory  act 

Inspection  of  the  constituent  activities  of  the  copulatory  pat- 
tern reveals  a  point'  that  has  oftimes  been  described  in  the  Ut- 

*  Sherrington,  C.  S.,  The  Litegrative  Action  of  the  Nervous  System,  p.  231. 
V  See  espeeially  Morgan,  G.  Lloyd:  Animal  Behavior,  1901. 
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erature  on  delayed  responses.  The  act  is  a  compound  of  both 
native  and  modified  native  or  acquired  responses.  The  latter 
have  been  exercised  in  connection  with  other  units  of  response 
and  habitual  performances  from  the  time  of  their  initial  appear- 
ance to  the  time  of  their  incorporation  in  the  copulatory  pattern. 
It  is  important  to  note,  however  that  these  elementary  acts 
exercised  in  prepuberal  life  were  not  substitutes  for  or  abbre- 
viated and  playful  types  of  the  copulatory  act.  The  evidence 
does  not  show  that  their  early  exercise  was,  in  some  mysterious 
manner,  pointed  toward  acts  of  greater  precision  in  the  repro- 
ductive fimction.  Such  activities  as  pursuit  of  other  rats, 
playful  clasping,  wrestling,  vaginal  smelling,  and  nibbling  have 
no  demonstrable  connection  with  the  copulatory  act  prior  to 
their  incorporation  in  this  act  at  or  near  the  age  of  physiological 
sexual  maturity.  The  function  of  penis  licking  is  still  a  matter 
of  conjecture.  Though  it  may  sometimes  be  shown  to  be  a  form 
of  masturbation  or  in  other  respects  connected  with  the  process 
of  tumescence  or  detumescence,  there  is  no  evidence  at  the  pres- 
ent time  which  links  it  with  the  activation  of  the  copulatory  act. 
Palpation  of  the  female's  sides,  piston  movements  of  the  pelvis, 
and  the  backward  lunge  characteristic  of  the  copulatory  act  are 
activities  which  have  never  been  observed  prior  to  the  first  real 
copulatory  attempts. 

The  evidence  from  this  study  harmonises,  on  the  whole,  with 
the  view  that  the  elements  of  the  copulatory  act  are  integrated 
into  a  functional  unit  of  response  at  a  rather  definite  period  of 
the  rat's  life.  Prior  to  this  integration  they  do  not  function  in 
isolation  or  in  smaller  units  of  action  which  are  the  anlage  of  the 
copulatory  act.  This  point  is  of  special  interest  because  of  its 
bearing  on  the  sexual  theories  of  infancy  promulgated  chiefly 
by  the  Freudian  School.  Because  of  the  relation  such  facts  have 
to  this  interesting  subject,  it  is  desirable  to  extend  the  present 
osbservations  to  other  animals  and  to  the  human  infant  as  well 
to  determine  to  what  degree  these  findings  are  common.  In  this 
way  data  will  be  made  accessable  to  test  the  correctness  and 
appraise  the  value  of  these  theories. 
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6.  The  adequate  activating  stimvU 

Analysis  of  the  activation  of  the  copulatory  act  is  not  sufii- 
ciently  advanced,  as  yet,  to  enable  one  to  define  accurately  the 
stimuli  adequate  to  evoke  the  copulatory  response  on  the  first 
occasion  of  its  appearance.  It  may  be  said,  however,  on  the 
basis  of  available  data,  that  the  adequate  stimuli  are  probably 
both  mechanical  and  thermal  in  nature,  and  that  they  are  almost 
certainly  mediated  through  the  cutaneous  receptors  and  the 
receptors  of  deep  sensibility.  In  some  way  the  movements  of 
the  female  ordinarily  supply  the  stimuli  which  under  the  proper 
conditions  initiate  the  act.  The  effectiveness  of  these  stimuli 
is  assured,  as  will  be  shown  later,  only  after  certain  internal 
factors  have  done  their  work  toward  preparing  the  receptor 
effector  mechanism  for  response  to  this  particular  pattern  of 
stimulation. 

6.  Fundamental  need  of  more  experimental  data  on  congenital 

behavior 

Heretofore  no  special  comment  as  to  the  bearing  this  study  has 
on  the  current  discussions  of  ''instinct"  has  been  given.  The 
use  of  this  term  is  unnecessary  in  the  exposition  of  experimental 
data;  furthermore,  its  use  is  undesirable  in  this  connection  be- 
cause of  the  difficulty  in  so  defining  the  term  as  to  disentangle  it 
from  its  many  obsolete  and  imscientific  attachments. 

It  must  be  obvious  to  all  who  have  reviewed  recent  discussions 
of  the  term  "instinct"  that  the  chief  cause  of  our  inability  to 
elucidate  the  field  of  congenital  activity  cannot  be  attributed 
primarily,  or  even  in  large  measure,  to  the  general  abtise  of  the 
term,  "instinct,"  or  any  of  its  equivalents.  Neither  is  it 
due  primarily  to  faulty  interpretations  of  the  past  or  dep- 
rivation of  plausible  interpretations  just  recently  brought  for- 
ward. The  cause  is  far  more  fundamental.  The  difficulties 
cannot  be  obviated  by  discussion  alone.  They  must  be  over- 
come through  experimentation.  The  paramount  need  at  the 
present  time  is  a  broader  factual  acquaintance  with  the  detailed 
nature  and  operation  of  congenital  behavior  mechanisms.    It 
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is  a  need  which  must  be  met  by  carefully  plamied  and  executed 
studies  of  native  behavior  designed  to  give  facts  making  possible 
a  complete  account  of  patterns  of  congenital  behavior,  their 
activation,  their  internal  conditioning  factors,  and  finally  their 
modifications  through  exercise.  Results  of  this  kind  should  be 
a  reliable  guide  in  determining  what  classificatory  terms  must  be 
discarded,  re-defined,  shorn  of  their  unscientific  encxunberances, 
or  enriched  by  further  interpretation. 

OOKCLUSIONS 

The  data  herein  presented  seem  to  justify  the  following  con- 
clusions: 

1.  On  the  whole  the  evidence  brought  forward  indicates  that 
the  chief  elements  of  the  primary  reproductive  act  appear  within 
a  short  period  of  time  at  the  age  of  puberty.  Activities  such  as 
smelling  the  v^ina,  pursuit  and  playful  clasping  seen  in  wres- 
tling have  no  definite  connection  with  the  copulatory  act  prior  to 
the  age  of  sexual  maturity.  At  that  time  the  function  of  smell 
in  the  initiation  of  the  act  is  wholly  negligible.  Licking  the 
penis  appears  in  prepubertal  life  at  about  the  forty-fifth  day  and 
probably  serves  the  same  fxmction  thereafter  when  acting  in 
isolation  as  when  it  is  incorporated  in  the  copulatory  pattern. 
Palpation  of  the  female's  sides,  pelvic  movements,  and  the  back- 
ward lunge  are  elements  of  the  act  which  have  no  exercise  in 
prepubertal  life. 

2.  The  overt  pattern  of  the  sexual  act  consists  of  the  following 
elements:  (a)  Pursuit  and  mountings;  (6)  palpation  of  female's 
sides,  (c)  depression  of  Imnber  region  of  back,  on  the  part  of 
the  female,  with  the  consequent  elevation  of  the  sacro-coccygeal 
region;  (d)  pelvic  movements  of  the  male  by  which  the  penis 
is  thrust  in  piston-like  action  toward  the  vagina;  (e)  cessation 
of  palpation  of  female's  sides  and  the  backward  lunge;  (/)  lick- 
ing the  penis. 

3.  Differences  between  the  initial  copulatory  act  and  the  act 
as  modified  by  age  and  experience  are  found.  Minor  differences, 
due  to  purely  physical  limitations  of  size  and  strength,  are  found 
in  the  location  of  the  fore-paws  on  the  female's  sides,  vigor  of 


Digitized  by 


Google 


SEXUAL  BEHAYIOB  OF  ALBINO  RAT  151 

palpation  of  female's  sides^  and  reduction  of  force  of  backward 
lunge.  More  important  differences  are:  Increase  of  aggressive* 
ness  with  sexual  experience;  incomplete  patterns  of  the  act  in- 
volving omission  of  the  essential  elements  such  as  palpation, 
pelvic  movements  and  backward  lunge;  failure  to  Uck  the  penis 
after  copulation;  and  mounting  in  a  manner  that  will  not  permit 
the  completion  of  the  full  copulatory  act,  i.e.,  mounting  at  head. 

4.  The  age  at  which  the  initial  copulatory  act  appears  is  re- 
lated to  general  physical  development.  The  earliest  age  at 
which  the  act  was  initiated  in  this  study  was  sixty-four  days. 
It  does  not  appear  prior  to  somatic  maturity.  On  the  other 
hand,  somatic  maturity  is  not  a  reliable  indication  of  copulatory 
ability. 

5.  The  number  of  copulations  following  the  initial  experience 
compares  favorably  with  that  of  adult  males.  The  usual  num- 
ber during  thirty  minutes  subsequent  to  the  first  act  is  from 
twenty-five  to  thirty-five.  The  greatest  number  observed  in 
this  study  was  53  during  the  first  twenty  minutes. 

6.  The  movements  of  a  receptive  female  appear  to  supply  the 
adequate  stimuli  for  the  initiation  of  the  copulatory  act.  Move- 
ments of  adult  rats  that  simulated  those  of  a  female  in  heat 
brought  out  sexual  acts,  complete  in  pattern  from  the  male's 
standpoint,  in  the  case  of  two  males  that  had  not  had  sexual 
experience.  The  quick  movements  of  a  guinea  pig  served  to 
arouse  great  sexual  excitement  in  a  young  male.  Excitement 
was  accompanied  by  mounting  attempts,  but  no  complete  acts. 

7.  Sensory  controls  reveal  the  following: 

a.  Visual  stimuli  are  not  essential  to  the  initiation  of  the  copu- 
latory act.  No  visible  eflfects  in  their  absence  are  seen  in  the 
nature  of  the  pattern,  the  pursuit  tendency  in  mounting,  the 
age  of  first  copulation,  or  the  rate  at  which  copulations  may  take 
place. 

h.  Olfactory  stimuli  are  not  necessary  for  the  arousal  of  sexual 
excitement  or  the  initiation  of  the  copulatory  act.  Their  ab- 
sence neither  retards  the  age  at  which  the  act  first  appears,  or 
modifies  the  sexual  drive  as  manifested  by  eagerness  to  copu- 
late and  ability  to  copulate  for  a  prolonged  period  of  time. 
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c.  Elimination  of  visual,  olfactory,  gustatory  sense  organs 
and  the  vibrissae  prior  to  sexual  experience  produces  no  changes 
in  the  sexual  act,  either  in  the  pattern,  the  age  at  which  it  appears, 
or  the  responsiveness  to  stimulation  of  a  female  in  heat.  Substi- 
tute action  of  the  visual,  olfactory,  or  gustatory  senses  is,  there- 
fore, improbable. 

d.  Partial  elimination  of  auditory  sensitivity  in  blind  and 
anosmic  rats  after  sexual  experience  makes  no  change  in  the 
ease  or  arousing  the  pairing  impulse.  Experiments  of  this  evi- 
dence that  audition  is  an  essential  receptor  for  the  initiation  of 
the  copulatory  act  in  the  rat. 

6.  The  lack  of  evidence  for  any  important  function  of  each 
of  the  other  primary  senses  in  the  initiation  of  the  copulatory 
act  points  to  cutaneous  and  receptors  of  deep  sensibility  as  the 
primary  organs  that  mediates  the  exteroceptive  stimuli  by  which 
the  act  is  initiated. 
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FATIGUE  EFFECTS  AS  MEASXJRED  BY  SUGAR 
CONTENT  OF  BLOOD^ 

BUFORD  J.  JOHNSON 
From  the  Bureau  of  BdueaHanal  EvpwimmU,  New  York  City 

The  purpose  of  this  investigation  was  the  study  of  changes  in* 
the  sugar  content  of  the  blood  of  children  as  related  to  different 
kinds  and  amounts  of  activity.  Observations  of  children  in  the 
performance  of  varied  activities  indicate  the  need  of  other  criteria 
of  fatigue  than  diminished  capacity  or  decrease  in  output  in  a 
given  activity  within  a  given  period  of  time.  In  some  cases  the 
stimulating  factors  in  the  situation  lead  to  a  continued  output  that 
is  relatively  good,  though  the  effort  expended  would  indicate  the 
presence  of  fatigue.  In  other  cases  the  decrease  in  output  is 
greater  but  the  assumption  that  there  is  greater  fatigue  present 
does  not  seem  justified.  The  intensity  of  the  stimulus  to  ac- 
tivity is  doubtless  conditioning  the  output  and  interfering  with 
such  a  form  of  fatigue  test.  The  tendency  to  combat  the  onset 
of  fatigue  by  exaggerated  activity  is  often  noted.  This  leads  to 
speeding  up  or  spurts  and  also  to  a  slowing  up  and  increased 
tension  or  force  in  movements.  With  repetition  of  the  activities 
at  short  intervals  the  behavior  of  individuals  tends  to  fall  into 
types  which  emphasize  the  preceding  assumptions. 

There  is  lack  of  uniformity  among  investigators  concerning  the 
change  in  sugar  content  of  the  blood  under  continuous  working 
conditions.  That  a  slight  but  steady  increase  may  occur  in  the 
rate  at  which  adrenalin  enters  the  circulation  during  exercise  is 
held  by  some  writers.  Schneider  and  Havens  (1)  report  an 
increase  in  the  output  of  adrenalin  with  the  onset  of  muscular 
activity.  Cannon  (2)  holds  that  adrenalin  is  secreted  imder  the 
stimulatory  effects  of  anticipation,  enters  the  blood  stream,  and 

^  A  briefer  report  of  this  inyeetigation  was  made  at  the  meeting  of  the  American 
Psychological  Association  in  Princeton,  December,  1021. 
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increases  the  functional  capacity  of  muscles.  He  reports  glyco- 
suria after  muscular  exercise  and  also  after  scholarship  examina- 
tions as  evidence  of  increased  sugar  content  of  blood.  Stewart 
and  Rogoff  (3)  f oimd  that  external  manifestations  of  emotional 
excitement  and  presumably,  therefore,  the  visceral  concomitants 
of  emotion  could  be  evoked  in  a  perfectly  normal  manner  in 
animals  whose  suprarenal  glands  have  been  isolated  from  the 
central  nervous  system.  Bainbridge  (4)  reviews  the  experimental 
evidence  and  concludes  that  the  share  taken  by  adrenalin  in 
bringing  about  the  circulatory  and  other  .changes  taking  place 
during  exercise,  even  when  this  is  carried  out  under  emotional 
stress,  is  comparatively  small.  In  a  study  of  the  blood  of  dogs 
during  exercise,  Scott  and  Hastings  (5)  found  that  the  concen- 
tration of  sugar  falls  steadily  throughout  the  work  period.  Brd- 
samlen  and  Sterkel  (6)  assert  that  the  contradictory  statements 
concerning  the  change  in  sugar  content  of  the  blood  that  occurs 
after  muscular  exercise  are  due  to  variations  in  interval  between 
end  of  work  and  determination  of  blood  sugar  value.  They  made 
determinations  before  and  after  exercise,  then  followed  this  latter 
determination  by  four  others  made  at  intervals  varying  from  forty 
minutes  to  one  hour  and  twenty  minutes.  The  following  data 
for  healthy  adults  from  their  study  show  the  irregularity  as  to 
decrease  or  increase  in  sugar  content  immediately  after  exercise. 
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8:20 

0.074 

-4 

E. 

32 

6:20 

0.006 

6:60 

7:00 

0.104 

+8 

P. 

22 

6:20 

0.094 

7:00 

7:10 

0.082 

-12 

G. 

18 

7:20 

0.076 

8:05 

8:20 

0.087 

+11 

H. 

40 

7:10 

0.062 

8:05 

8:20 

0.082 

0 

I. 

28 

7:10 

0.002 

7:66 

8:06 

0.087 

-6 

J. 

21 

7:00 

0.082 

7:60 

8:05 

0.064 

+2 
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They  conclude  that  normally  the  blood  sugar  varies  little  when  the 
body  is  at  rest  and  f asting,  but  that  fatiguing  work  by  healthy 
adults  generally  causes  a  slight  decrease  in  the  sugar  content  of 
the  blood.  The  values  fluctuate  and  the  lowest  value  is  f  oimd  at 
varying  intervals  after  the  end  of  the  work.  The  difference 
between  the  rest  value  and  this  lowest  value  amounts  on  the 
average  to  0.Q20.  There  is  then  a  gradual  increase  in  blood 
sugar,  the  maximum  increase  occurring  from  one  and  one  half 
to  four  hours  after  the  end  of  the  work. 

We  realise  that  our  data  are  not  conclusive  either  as  to  the 
e3q)ected  change  in  sugar  content  of  blood  for  children  after  cer- 
tain kinds  of  activities  or  as  to  the  use  of  blood  sugar  deteiminar 
tions  as  a  criterion  of  fatigue.  The  value  of  such  a  method  can 
only  be  determined  by  more  intensive  studies.  So  few  data  are 
available  of  repeated  tests  on  children  under  specified  conditions 
that  we  believe  our  records  are  important  as  a  basis  for  further 
investigations. 

FROCEDX7RE 

In  December,  1920,  eleven  subjects  were  selected  as  being  sus* 
ceptible  to  fatigue  effects  to  a  greater  extent  than  other  children 
under  observation.  The  selection  was  made  jointly  with  Dr. 
Edith  Lincoln,  whose  physical  examinations  of  these  children 
indicated  relatively  low  resistance  to  fatigue.  Our  selection  was 
based  upon  decrease  in  output  as  measured  by  psycho-physical 
tests  in  the  laboratory  and  also  upon  apparent  effort  expended 
to  make  the  scores.  Only  eight  subjects,  four  boys  and  four 
girls,  were  available  for  the  complete  experiment  with  the  deter- 
minations of  sugar  content  in  the  blood. 

Two  series  of  laboratory  tests  were  devised,  one  of  relatively 
simple  muscular  tests,  the  other  involving  more  complex  mental 
reactions.  An  attempt  was  made  to  establish  a  standard  or  refer- 
ence measure  of  blood  sugar  content  for  each  individual  for  the 
time  of  day  at  which  the  tests  were  to  be  given.  Two  blood  sugar 
determinations  were  made  with  a  three  weeks  interval.  These 
determinations  were  made  by  Dr.  Liggett  Lincoln.  In  making  a 
determination  the  procedure  was  to  bring  the  child  up  to  the 
laboratory  for  obtaining  a  specimen  of  blood,  after  which  he  went 


Digitized  by 


Google 


158  BUFOBD  J.  JOHNSON 

back  to  the  school  room  without  any  work  in  the  psychological 
laboratory  on  those  days.  This  was  also  held  to  be  desirably  for 
adapting  the  child  to  such  conditions  so  that  we  might  prevent 
undue  emotional  excitation  on  the  days  of  the  test  series.  These 
children  are  familiar  with  the  laboratory  and  with  the  examinere; 
both  phjrsician  and  psychologist  have  made  studies  of  these 
children  throughout  a  period  of  two  to  three  years  in  each  case. 
Although  two  children  hesitated  about  the  blood  test,  such  ex- 
periences as  the  punctures  for  blood  specimens  have  not  lessened 
the  interest  of  the  children  in  coming  to  the  laboratory,  oppor- 
tunities for  which  they  solicit.  This  desire  was  the  strongest 
incentive  diudng  the  experiment  for  one  boy  who  has  evinced  fear 
of  even  slight  physical  pain.  Three  weeks  elapsed  between  the 
time  of  the  second  preliminary  blood  test  and  the  first  experi- 
mental series.  The  experiments  were  made  at  the  same  time  of 
day,  between  9:30  and  12  in  the  morning,  keeping  the  order  of 
individuals  the  same  as  far  as  was  possible.  Breakfast  was  not 
omitted.  Diet  lists  showing  the  food  eaten  at  breakfast  had  been 
obtained.  The  physician  considered  the  breakfasts  for  all  the 
children  fairly  standardized  as  to  amount  and  type  of  food.  More 
than  two  hours  elapsed  between  breakfast  and  test  in  each  case. 

A  preliminary  study  was  made  of  the  test  used  in  order  to 
determine  a  series  of  simple  muscular  tests  in  which  practice 
effects  could  be  practically  eliminated,  and  to  acquaint  the  child 
with  the  procedure  so  that  he  would  be  at  a  high  level  of  activity 
between  blood  tests.  In  the  spring  preceding  this  study,  the 
target,  coordination,  tapping,  and  dynamometer  tests  were  given 
to  a  group  of  children  including  those  to  be  used  in  the  fatigue 
experiments.  Trials  were  given  daily  for  nine  school  days, 
Saturday  and  Sunday  intervening  between  the  fifth  and  sixth 
trials.  The  curves  in  figures  1  and  2  show  an  approximate  elim- 
ination of  practice  effects  in  tapping  and  coordination.  The 
target  records  for  30  throws  a  day  continued  to  show  marked 
fluctuations  with  little  trend  toward  increased  skill  in  many 
cases.  It  was  a  favorite  performance;  and  the  throwing  of 
100  darts  in  the  fatigue  experiment  offered  an  activity  adequate 
to  the  production  of  muscular  fatigue  activity  which  mere  scores 
do  not  measure. 
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TRIALS  ^ 

FiQ .  1 .  Showihq  thi  Practicx  ErFECTS  IN  THB  Tapping  Tbbt,  Altbbnatb  Plate 

The  light  lines  are  indiridual  curvet;  the  heavy  line  is  a  group  curve  repre- 
senting  the  daily  average  scores. 


Fio.  2.  Showing  thb  Practice  Effects  in  the  Coordination  Test 

The  light  lines  represent  individual  scores;  the  heavy  line,  average  scores  for 
the  group. 
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Series  I.  Simple  muacular  teste 

This  series  included:  Target,  100  throws  with  right  hand; 
dynamometer,  10  trials,  left  hand;  tapping,  alternate  plate,  for 
two  minutes  with  right  hand;  tapping,  single  plate,  for  two 
minutes  with  left  hand.  They  were  given  in  the  order  listed. 
The  target  test  was  that  described  by  the  writer  (7)  in  a  former 
article.  The  dynamometer  and  single  tapping  tests  were  given 
according  to  directions  of  WooUey  and  Fischer  (8).  The  alter- 
nate tapping  plate  (9)  was  so  wired  that  Stoelting  make  and 
break  counters  recorded  separately  the  niunber  of  taps  for  each 
plate.  The  child  was  instructed  to  strike  first  one  plate  and 
then  the  other.  A  few  taps  were  not  recorded  because  the 
dividing  block  was  struck  instead  of  the  plate  and  also  failure 
to  touch  the  plate  was  noted  even  when  movement  was  made 
approsdmating  contact. 

Immediately  before  the  child  came  into  the  room  for  the  test- 
ing a  specimen  of  blood  was  obtained  by  the  physician  in  an 
adjoining  room.  The  testing  required  from  twenty  to  twenty- 
five  minutes,  varying  slightly  for  individuals  because  of  time 
variaticms  possible  in  two  tests,  the  dyiiamometer  and  target. 
Another  specimen  of  blood  was  obtained  inunediately  after  the 
testing. 

In  table  1  the  sugar  content  for  the  preliminary  blood  tests  is 
shown.  We  have  not  been  able  to  get  definite  standards  as  to 
normal  sugar  content  of  blood  for  the  ages  considered.*  Some 
of  these  children  vary  between  the  first  and  second  tests  as  much 
as  11  mgm.  per  100  cc.  while  others  show  as  little  variation  as 
1  mgm.  per  100  cc.  The  average  sugar  content  for  the  group  for 
the  first  blood  test  was  113.57;  for  the  second  test,  117;  for  the 
third  test,   120.125.    Of  the  six  individuals  considered,  two 

*  Nonns  vary  for  different  observera.  Summaries  of  these  normal  values  are 
given  by  A.  Merts,  Arobiv.  fur  Kinderheilkunde,  1920,  Ixviii,  260.  From  2  to  5 
years,  blood  sugar  values  range  from  0 .084  to  0 .100;  from  2  to  8  years,  0 .080  to 
0. 120; from2 to  14 years, 0.072 too. 113; fromO to  14 years, 0.072 toO.108.  Merts, 
A.  and  Romiger,  E.,  Archiv.  fur  Kinderheilkunde,  1921,  Ixix,  105,  give  additional 
data  for  ages  from  7  days  to  1  year,  7  days,  for  which  the  blood  sugar  values  range 
from  0 .008  to  0 .101  with  average  of  0 .061. 
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show  a  decrease  with  variatioDS  relatively  large.  The 
range  of  individual  variations  is  from  0  to  26.  Only  one  case 
shows  a  decrease  in  sugar  content  from  the  preceding  blood  test, 

TABUS  1 
Preliminary  blood  sugar  tests 


G.P,,girl.. 
J.  8.,  boy... 

D.  P.,  girl. . 
T.  F.,  boy. . 
£•  G.y  boy.. 

E.  R.,  girl. . 
J.  M.y  boy.. 
M.D.,girl. 


Areiage. 


▲OB 
BLOOD 


6.04 

7.22 
7.70 
8.29 
8.86 
8.87 
9.14 
11.01 


WBZOBT 
niBBX 


0.95 
0.92 
1.03 
1.18 
1.08 
1.07 
1.18 
1.23 


(mom.  VBBlWOO.) 


December     January 
IS,  mo         S,  1831 


0.090 
0.139 
0.105 

0.128 
0.112 
0.110 
0.111 


113.57 


0.100 
0.128 

0.120 
0.120 
0.116 
0.115 
0.120 


117 


TABLES 
Series  J.  Simple  muscular  exercise 


TABOBT 

BTMAMO* 

MVriB 

TAwnMQ  (S  Mimm  fbbioo) 

BLOOD  aUOAB 
(mom.  MB  100  00.) 

•COBB 

▲TBBAOa 

■OOBB 

Slncle  Plato 

AHemoto 
Idsto 

BefoM 
oerdM 

Afttt 

G.P. 

65 

9.3 

526 

344 

0.120 

0.126 

J.  8. 

246 

8.2 

429 

268 

0.130 

0.125 

D.P. 

82 

11.0 

517 

424 

0.102 

0.110 

T.F. 

222 

14.1 

286 

258 

0.126 

0.152 

E.G. 

117 

11.6 

591 

446 

0.120 

0.124 

E.R. 

140 

7.7 

429 

361 

0.090 

0.120 

J.M. 

342 

12.6 

510 

423 

0.128 

0.130 

M.D. 

109 

12.3 

411 

510 

0.145 

0.142 

Ayerage 

120.125 

128.68 

but  this  is  the  largest  variation  found.  Another  case  shows 
an  increase  of  25.  These  two  individuals  seem  especially  sus- 
ceptible to  fatigue  and  are  also  easily  stimulated  to  emotional 
responses.    These  percentages  of  blood  sugar  are  high  as  corn- 
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pared  with  values  usually  given  for  children  and  adults.  They 
exceed  any  blood  sugar  given  by  Br5samlen  and  Sterkel  (10)  for 
healthy  adults.  When  we  average  the  three  blood  sugars  preced- 
ing series  I  for  each  individual  and  get  the  group  average  we 
have  117.89  with  standard  deviation  of  8.44.  The  group  averi^e 
after  the  tests  was  128.63  with  a  standard  deviation  of  12.142. 
The  difference  between  this  and  the  average  of  the  blood  sugar 
determinations  preceding  the  testing  is  8.5  which  equals  1.78 
times  the  probable  error.  Correlation  of  the  blood  sugar  ratings 
immediately  before  series  I  with  those  immediately  after  gives 
r  «  0.53.  There  is  evident  a  slight  increase  in  blood  sugars  after 
the  simple  muscular  exercise. 

TABLES 
Repetition  of  muscular  teats,  April  19, 1991 


T.F. 
E.R. 
M.D. 


DTNAMOMSrSB 

AVSBAaBS 

FOB  miOBT  HAMO 


1^ 


22.2 
13.2 
19.4 


19.2 
13.4 
22 


II 


20.7 
12.8 
18.0 


06 


TATPINO— 4BPARATB  rtMCtB 


Right  hand 


(1) 


472 

« 

494 


(» 


450 
477 
435 


(8) 


522 
378 


Left  hand 


(1)    W 


446 
436 


521 
354 
422 


(3) 


441 
275 


BIiOOD  SUOAB 

(MOM.  PBB 

100  OC.) 


115 

112 
116 


*  Wire  was  loose  and  record  lost  for  first  trials. 

Two  of  these  children  showed  such  a  large  amount  of  sugar  and 
one  showed  so  great  an  increase  in  sugar  content  that  a  repeti- 
tion of  muscular  tests  was  made.  Blood  sugar  specimens  were 
again  obtained  immediately  preceding  and  following  the  tests. 
The  tests  given  were  tapping,  dynamometer  and  exercise  upon  an 
adding  machine.  The  tapping  was  done  with  both  hands  on 
separate  plates  with  the  board  so  wired  that  records  were  sepa- 
rately kept  for  each  hand.  Three  trials  were  given  with  thirty 
second  intervals.  With  the  dynamometer  fifteen  trials  were  made 
with  the  right  hand.  The  adding  machine  was  arranged  so 
that  1  was  printed  each  time  the  handle  was  pushed  back.  The 
child  was  instructed  to  do  this  as  rapidly  as  possible.    It  was 
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continued  for  one  minute.    The  sum  printed  was  recorded  as  the 
score. 

The  sugar  content  for  two  of  these  cases  was  not  nearly  so  high 
before  these  activities  as  in  the  first  series  and  there  is  but  a 
slight  change  after  exercise.  The  third  case  has  a  sugar  content 
higher  by  22  than  that  preceding  the  first  muscular  tests  but  does 
not  show  so  great  an  increase  after  exercise,  though  the  blood 
sugar  then  is  the  highest  for  this  child  during  the  experiment. 
A  slight  increase  in  blood  sugar  after  exercise  is  found  for  aU 
three  subjects. 

Series  II 

The  second  series  for  producing  fatigue  from  more  complex 
reactions  involving  little  muscular  exercise  was  given  May  17, 
1921.  The  same  procedure  was  followed  in  obtaining  blood 
specimens  both  before  and  after  the  activities  in  the  laboratory. 
The  tests  were  given  in  the  following  order:  coordination, 
discrimination,  memory  for  digits,  apd  substitution.  In  the 
coordination  test  (fig.  3)  the  child  was  instructed  to  trace  a  path 
without  touching  the  sides,  but  in  tracing  a  given  segment  to 
make  a  stroke  of  the  pencil  to  the  beat  of  the  metronome.  This 
was  set  at  one  hundred  beats  per  minute.  An  actual  record 
made  during  the  experiment  is  shown  in  figure  3.  Number 
of  contacts  and  time  were  recorded. 

The  discrimination  test  involved  the  sorting  of  fifty-two  ordi- 
nary  playing  cards.  In  the  center  of  each  card  was  cut  a  dia- 
mond-shaped hole.  The  holes  were  so  cut  that  in  thirteen  cards 
the  long  axis  of  the  diamond  was  lengthwise  the  card;  in  thirteen 
cards  it  was  crosswise  the  card;  in  thirteen  cards  it  extended  in 
the  diagonal  from  the  upper  right  to  the  lower  left;  in  the  re- 
maining cards  from  the  upper  left  to  the  lower  right.  A  wooden 
receptacle  of  five  open  stalls  was  clamped  to  a  table  under  an 
adjustable  screen  so  that  the  stalls  and  cards  could  not  be  seen. 
The  cards,  carefully  shuffled,  were  placed  in  the  end  stall  at  the 
left.  The  subject  was  instructed  to  take  from  the  top  of  the  pack 
one  card  at  a  time  with  the  left  hand  and  while  holding  it  in  this 
hand  to  run  the  thumb  and  forefinger  of  the  other  hand  around 
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FiQ.  3.  Am  Actual  Record  in  thb  Coordination  Test 
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the  edge  of  the  hole.  He  was  then  to  place  the  card  in  that  stall 
designated  for  cards  with  the  diamond  in  that  position.  The 
sorting  continued  in  this  manner  until  all  the  cards  had  been 
distributed.  The  record  sheet  in  figure  4  shows  the  type  of  errors 
made. 
«.P.  f  n"  j.t.  ii'ao-  o.p.   fi" 

t:iOf:'o  tiO/^o  ^^O^o 

til  4  s  II  \:\i  0   0  1  ui  »  <  * 

0*     1     »      1  ^7     tt     0     S  <)•     1     «      « 

CJO     1     1    0  I^IO     1     1    »  ^10    10 

Oo    0    1    1  oo    0    0    i  <>»    *    »    1 


SCORE  28 


t1  «• 


t.F.  ••»•  CO.  H'9t"  J-M.  •*«" 

\:ii  0  1  0  \^i  0  0  I  t^tt  «  >  • 

^t     tt  «     0  ^0     tt  4     0  ^0     1  t     0 

OO   0  0  a  o*   •  •  u  o*   •  •  * 


SCORC  90 


90  M 


M.O.    O'Sf" 

Citt  0  I  0 
^1  B  ♦  0 
j^o    0    1    0 

o»   ♦  •  » 

SCORE  40 

Fio.  4.  RaoosD  or  Tna  amv  Placuibntb  m  thb  DucBnairAnoir  Tbst 

In  the  test  of  memory  for  digits  the  procedure  followed  was 
that  described  in  the  monograph  by  Woolley  and  Fischer  (11) 
previously  mentioned.  The  substitution  blank  used  was  a  Sym- 
bol form  devised  by  Dunlap.    A  record  made  by  the  yotmgest 
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0    ®   .==  -sllr    0    « 

-         L         O        /s        X         = 

/I       "       I,      -     -X      —     »        I- 

0®ca®09^^A 
*       U*       U  —     —     /y    z. 

'     ^     -    ^    ^     ^     f.    ^ 

Fia.  6,  Record  Made  bt  the  Youngest  Child  in  the  Substitution  Test 
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child  is  shown  in  figure  5.    It  was  required  that  symbols  be 
substituted  for  symbols. 

TABLE  4 
8er%e9  II,  May  17,  19»1 


MOTOB  COOKDINATION 

rOBM  DiaCBDONATIOir 

MEif  OBT  rem 

DIOR* 

(rouil) 

Time 

Number  of 
eontooto 

Time 

Score 

Span 

Boore 

Time 

Erron 

G.P. 

1'26" 

38 

7'  17" 

20 

6 

40 

4'  16" 

0 

J.S. 

1'  11" 

36 

11' 20" 

27 

6 

66 

4'  10" 

0 

D.P. 

VdO" 

20 

7'  7" 

29 

7 

100 

3'  4" 

1 

T.F. 

1'29" 

42 

8' 86" 

38 

4 

31 

2' 43" 

0 

E.G. 

1'  10" 

38 

14' 32" 

39 

9 

176 

3'  18" 

0 

J.M. 

r20" 

14 

6'  10" 

38 

9 

164 

3'  4" 

2 

M.D. 

1'  4" 

26 

6' 66" 

46 

7 

101 

2' 28" 

0 

TABLE « 
Series  II.  Blood  sugar,  blood  pressure  and  urinalysis,  May  17, 1991 


atAOBtVOUl 

(MOK.  ram 
lODoo.) 

BLOOD 

pBneuwi 

UBIKALTiUI 
AVTBm 

rOBS17«AB 

rXBTIOUS  BLOOD  PBCieUBBS 

Bafora 

•XVOiM 

After 
enraiee 

Before 

eaereiee 

After 

csereiee 

191S-10 

■ 

1910-ao 

1920-21 

G.P. 

86 

89 

88 
60 

102 
62 

None 

78 
68 

78 
66 

92 
62 

90 
70 

J.S, 

90 

88 

106 

74 

90 
68 

None 

90 

68 

94 

72 

D.P. 

81 

84 

96 
72 

96 
68 

None 

90 
68 

92 
60 

88    90 
62    66 

92 
68 

T.F. 

88 

90 

102 
72 

98 
76 

None 

106 
66 

110 
66 

96 

68 

104 
"76 

E.C. 

92 

86 

110 
76 

110 
i2 

None 

98 
76 

J.M. 

100 

102 

96 
64 

100 
66 

None 

78 
66 

82 
66 

90    90 
64    64 

98 
76 

M.D. 

101 

110 

122 

"78 

98 

78 

None 

88 
64 

86 
64 

88 
62 

106 

-78 
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In  table  5  it  is  shown  that  the  sugar  content  immediately 
preceding  these  tests  was  lower  in  each  case  than  in  previous 
determinations.  The  variation  after  exercise  is  less  than  that 
between  any  other  two  measures  except  in  two  cases. 

We  have  no  explanation  for  the  fall  in  sugar  content  unless  it 
is  due  to  seasonal  variation/  such  as  reported  by  Strouse  (12). 
The  blood  pressure  and  urinalysis  add  little  to  the  interpretations. 
It  might  be  argued  that  emotional  excitation  in  preceding  de- 
terminations influenced  the  sugar  content.  That  a  child  should 
be  so  much  affected  in  four  or  six  blood  tests  and  not  in  the  next 
can  not  be  assumed.  This  fall  is  noted  for  the  children  who  had 
supplementary  tests  and  for  those  who  did  not.  The  preceding 
activities  and  breakfasts  were  approximately  the  same  as  in 
preceding  tests. 

DISCUSSION  AND  8TJMMABT 

The  range  in  chronological  age  is  such  as  to  invalidate  direct 
comparisons  of  output  and  changes  in  sugar  content.  We  give 
the  records  to  indicate  the  actual  work  done  by  each  individual. 
In  the  preliminary  study  of  tests  for  use  in  this  investigation  we 
f oirnd  a  decrease  in  tapping  scores  for  the  fourth  period  of  thirty 
seconds  as  compared  with  the  first  period.  The  graphs  in  figure 
6  show  this  diminished  output  for  each  of  the  nine  practice  peri- 
ods. While  the  decrease  fluctuates  from  day  to  day,  there  is 
no  tendency  towards  a  lessening  of  this  difference  with  increas- 
ing practice.'  Individuals  vary  as  to  the  period  in  which  least  ca- 
pacity is  shown.  If  a  higher  level  of  efficiency  is  maintained  for 
the  first  two  periods  there  often  results  a  marked  decrease  in  the 
third  period,  with  perhaps  a  slight  increase  for  the  fourth  or 
final  period.  Others  show  a  gradual  diminution  in  capacity 
from  the  first  to  the  final  period.  The  fluctuations  in  the  group 
curves  II,  III,  and  IV  are  probably  due  to  these  individual 
differences. 

*  Strouse  found  that  the  average  blood  sugar  readings  were  higher  in  the  cooler 
part  of  the  year.  Daily  variations  of  blood  sugar  percentage  occurred  in  five 
normal  persons.    These  variations  seem  to  depend  on  changes  in  the  weather. 
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Fio.  6.  Showing  the  Daily  Scorbs  for  Thirtt-Sbcond  Pbriods  in  thx  Tapping 
Tx8T,  Altbrnatb  Plate,  for  Nine  Children 

I,  Average  daily  score  for  first  period;  II,  for  second  period;  III,  for  third 
period;  IV,  for  fourth  period. 

TABLES 
Inditfidual  variatianB 


•BOOXD 

nunoMi* 

MAMT 

■■OOXD 

ramm- 

VABTAVD 
BWOBfl 

■BBini 

BBFOBS 

AMDAITXB 

BBBXBtl 

ARBB 
•BBIBBI 

AMP 
BXrOBB 

•BBmii 

BBfOBB 

▲KOAIVBB 
■BBIBBII 

▲TBBAOB 
DBTIAnOM 

G.P 

10 

-11 

-8 
4 
6 
9 

10 
2 

6 

0 

-26 

13 

25 

6 
-6 

8 
26 

4 
30 

2 
-3 

-41 
-35 
-29 
-64 
—32 

-30 
-41 

4 

-2 

3 

2 

-7 

2 
9 

14.2 

J.  8 

11.0 

D.P 

13.3 

T.F 

24.5 

E.C 

10.2 

E.R 

J.M 

10.4 

M.D 

17.4 

Average 

7.83 

11.71 

10.5 

38.85 

4.14 

14.43 
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The  individual  variations  shown  in  table  6  indicate  little 
stability  in  blood  sugar  for  a  given  individual  under  the  condi- 
tions of  the  experiment.  We  find  that  a  child  may  show  a  rela- 
tively high  sugar  content  before  exercise  and  either  slight  or 
marked  increase  after  exercise.  Relatively  low  content  of  sugar  is 
also  f oimd  preceding  exercise  with  a  rise  of  as  much  as  0.030  after 
exercise.  In  some  cases  a  slight  decrease  is  foimd.  We  do  not 
know  whether  such  variations  are  due  to  a  slow  rise  or  to  a  slow 
fall  in  sugar  content;  to  the  amount  and  kind  of  activity;  or  to 
affective  factors.  Individual  E.  C,  who  has  been  characterized 
as  fearful  of  slight  physical  pain  and  with  whom  the  physician 
reasoned  for  some  minutes  before  securing  assent  to  the  blood 
test  preceding  series  I,  shows  the  least  average  variation.  The 
change  in  sugar  content  as  shown  by  determinations  made  on  the 
same  day  preceding  and  after  exercise  is  less  on  the  average  than 
the  total  group  variation.  This  group  average  is  heavily  weighted 
by  the  variation  in  blood  sugars  obtained  April  19,  1921,  and 
May  17,  1921.  This  we  attribute  to  elevation  of  temperature. 
The  weather  conditions  on  the  days  of  the  experiment  were  as 
follows: 


DBCXll- 
BBBlS, 

iwo 

AST8, 

IMl 

lAiru* 

abtM, 

IWl 

Antn.10, 
IMl 

1121 

Temperature  at  9  a.m.  F 

Humidity  at  8  a.m.. . , 

29.0 
0.66 
29.71 

99.0 
0.96 
29.72 

12.0 
0.52 
30.45 

39.0 
0.90 
29.92 

48.0 
0.65 

Barometer  at  8  a.m 

30.22 

The  effects  of  this  seasonal  change  in  sugar  content  as  related  to 
the  optimal  schedule  of  activities  for  school  children  merits  in- 
vestigation. If  we  exclude  this  factor,  the  change  in  sugar 
content  for  series  I,  simple  muscular  exercise,  appears  more 
significant.  Two  chUdren  stand  out  from  the  group  with  regard 
to  the  internal  conditions  under  which  work  is  performed. 
In  the  preliminary  practice  series  for  tapping  test,  alternate  plate, 
the  relative  capacity  of  these  two  children  is  shown  by  the  follow- 
ing results. 
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Average  total  output 

Average  daily  output 

Average  for  Ist  30  outputs. . 
Average  for  4th  30  outputs. 


3769.33 
418.80 
113.79 
100.78 


B.  B. 


3377.00 

375.00 

99.44 

92.55 


T.F. 


2552.00 

364.00 

98.00 

92.71 


It  is  evident  that  the  stimulating  effects  of  environmental  factors 
are  widely  different  for  different  children. 

Conclusions  as  to  the  influence  of  different  kinds  and  amounts 
of  activities  upon  the  sugar  content  of  the  blood  would  be  un- 
warranted by  our  data.  We  believe  that  they  indicate  a  method 
of  investigation  that  may  clarify  the  concepts  of  fatigue  and  lead 
to  a  reformulation  of  the  factors  involved  in  fatigue  effects. 
It  seems  essential  that  we  make  successive  determinations 
throughout  a  stated  period  of  the  day  and  over  a  period  of  time 
sufficiently  long  for  us  to  know  what  the  normal  changes  are  for 
the  individuals  under  observation.  Determinations  should  be 
made  at  short  intervals  preceding  and  following  specific  activities 
which  vary  in  complexity  and  in  motivation. 
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A  TENTATIVE  CLASSIFICATION  OF  THE  FORMS  OF 
ANIMAL  BEHAVIOR 

S.  J.  HOLMES 
University  of  California,  Berkeley,  California 

A  classification  of  the  many  things  which  animals  do  has, 
I  believe,  an  interest  not  only  for  animal  psychology  but  for 
human  psychology  as  well;  and  I  have  therefore  attempted  to 
make  a  grouping  of  the  various  forms  of  animal  behavior.  What 
is  designated  as  behavior  is  not  sharply  demarcated  from  the 
physiological  fimctioning  of  the  body.  But  while  such  activities 
as  respiratory  movements,  sneezing,  coughing,  etc.,  may  fall 
under  both  categories,  most  behavior  is  clearly  distinguished 
from  physiological  functioning  as  such,  although  the  latter  is, 
of  course,  involved  in  behavior  as  in  all  the  other  activities  of 
the  organism. 

An  attempt  to  group  activities,  whether  internal  or  external, 
brings  us  into  contact  with  problems  that  differ  from  those  which 
confront  the  taxonomic  botanist  or  zoologist.  The  taxonomist 
aims  to  group  plants  and  animals  according  to  a  natural  system 
of  classification,  a  system  which  purports  to  express  the  genetic 
relationships  of  the  organisms  with  which  he  deals.  The  simi- 
larities upon  which  the  taxonomist's  grouping  are  founded  are, 
if  his  classification  is  a  'Hrue"  one,  based  upon  conmiunity  of 
descent.  But  the  classification  of  the  activities  of  animals  cannot 
be  carried  out  by  simply  taking  over  the  methods  of  the  taxono- 
mist. On  the  other  hand,  such  a  classification  cannot  afford  to 
ignore  phytogeny.  There  is  a  phytogeny  of  activity  as  there  is 
of  species  and  of  organs.  Just  as  an  organ  may  become  differen- 
tiated in  the  course  of  evolution  into  a  nimiber  of  derivative 
structures,  so  an  activity,  such  as  the  functioning  of  this  organ, 
may  become  split  up  into  several  cHfiferent  modes  of  action. 
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There  are  often  features  of  behavior  which  are  remarkably 
conservative  such  as  the  sucking  instinct  in  the  mammalia,  but 
for  the  most  part  the  comparative  psychologist  is  left  without 
any  landmarks  analogous  to  the  presence  of  a  notochord  or  the 
existence  of  gill  slits  which  afford  so  valuable  an  aid  in  the  search 
for  morphological  relationships.  Tracing  phylogeny,  however, 
is  a  notoriously  precarious  business,  even  for  the  morphologist 
with  whatever  aid  may  be  furnished  by  paleontology.  And  when 
it  comes  to  classifying  behavior  on  a  genetic  basis,  the  imdertaking 
is  beset  with  so  many  additional  hazards  that  it  is  scarcely  prac- 
ticable in  the  present  state  of  our  knowledge.  I  have  accordingly 
abandoned  the  attempt  to  group  animal  activities  in  a  strictly 
genetic  system. 

The  chief  difficulties  in  a  genetic  grouping  of  types  of  behavior 
is  the  fact  that  various  activities  do  not  follow  diverging  paths, 
each  independent  of  others,  as  in  the  case  of  f amiUes  and  orders 
of  living  beings;  the  activities  of  any  organism  are  closely  inter- 
related at  all  stages  of  evolution.  There  is  frequent  change  of 
function  which  may  lead  a  part  originally  employed,  for  instance, 
in  locomotion,  to  be  used  at  another  period  for  the  function  of 
reproduction,  as  is  illustrated  in  the  first  abdominal  appendages 
of  male  decapod  crustaceans.  Let  us  consider  briefly  in  this 
connection  the  evolution  of  behavior  involved  in  taldng  food. 
Beyond  the  process  of  simple  absorption  such  as  occurs  in  plants, 
the  most  primitive  method  of  taking  in  food  is  amoeboid  engulfing 
which  is  common  among  the  Sarcodina  and  in  the  digestive 
cells  of  primitive  Metazoa.  Sweeping  in  food  by  cilia  or  flagella 
affords  a  method  of  intake  prevalent  not  only  in  many  Protozoa, 
but  widely  distributed  among  lower  invertebrates.  An  advance 
upon  this  type  is  by  engulfing  food  through  the  muscular  appara- 
tus surrounding  the  oral  aperture,  an  operation  often  aided  by 
the  activity  of  tentacles  (coelenterates) .  This  type  of  pharyngeal 
intake  is  common  among  coelenterates,  flat  worms,  nemerteans, 
and  many  annelids.  In  the  Arthropods  we  have  added  to  the 
oral  swallowing  apparatus  a  number  of  organs  (mandibles,  maxil- 
lae and  maxillipeds)  which,  in  the  Crustacea,  are  clearly  to  be 
regarded  as  modiBed  locomotor  appendages.    The  derivation  of 
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the  jaws  of  vertebrates  is  less  clear.  If  the  lower  jaw  is  serially 
homologous  with  the  hyoid  and  branchial  arches,  its  original 
function  may  have  been  respiratory.  If  so,  we  have  another 
illustration  of  the  fact  that  food  taking  comes  to  appropriate  to 
itself  organs  and  activities  which  previously  served  the  interests 
of  other  functions.  Tracing  the  evolution  of  the  functions  of 
reproduction  we  find  that  a  part  of  this  function  in  the  crayfish, 
for  instance,  is  concerned  with  appendages  originally  locomotor. 
In  the  course  of  the  elaboration  of  this  fimction  a  part  of  the 
creature's  activities  passes  at  a  certain  point  in  evolution  from 
a  service  of  one  function  into  the  service  of  another.  In  the 
caphalopod  arms,  parts  of  a  highly  modified  molluscan  foot  (an 
originally  locomotor  organ),  have  come  to  be  largely  employed 
in  the  capture  of  food,  and  in  the  Decapoda  we  may  have  in  the 
peculiar  hectocotylized  arm  of  the  male  a  further  transformation 
of  function  in  the  interest  of  reproduction. 

These  transformations — and  they  are  exceedingly  common 
events  in  evolutionary  history — ^show  us  that  in  attempting  to 
classify  the  activities  of  animals  on  a  genetic  basis,  we  cannot 
proceed  as  if  we  were  dealing  with  isolated  organisms.  It  is  only 
through  isolation  that  the  usual  genetic  classification  is  possible 
at  all.  In  a  genetic  classification  of  organisms  the  various 
groups  as  we  trace  them  back  in  time  fuse  into  fewer  and  fewer 
subdivisions,  but  in  tracing  back  types  of  behavior  we  encounter 
as  it  were  strands  coming  in  from  a  variety  of  sources,  combining, 
segregating  and  dividing  in  various  ways  so  that  a  tree  cannot 
symbolize  our  system  of  genetic  relationships.  Rather  we  have 
an  intricate  network  in  which  there  is  divergence  and  convergence 
all  along  the  course.  The  situation  is  somewhat  similar  to 
what  we  encounter  in  dealing  with  groups  of  organisms  which 
freely  interbreed.  We  may  have  much  diversity,  a  multitude 
of  different  types,  but  no  one  could  work  out  a  strict  tree-like 
classification  of  such  forms.  It  is  only  when  groups  get  sufficiently 
distinct  to  emancipate  themselves  from  the  network  of  varied 
hereditary  relationships  and  go  on  their  own  independent  ways 
that  we  can  get  them  placed  in  a  real  genetic  grouping.  Doubt- 
less much  of  the  difficulty  encountered  in  classifying  the  races 
of  man  is  due  to  this  fact. 
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Moreover,  in  a  classijGcation  of  activities  we  have  perforce  to 
deal  with  a  grouping  of  performances  which  are  carried  on  by 
one  and  the  same  animal.  This  in  itself  creates  many  problems 
quite  different  from  those  of  the  systematist  whose  task  is  the 
proper  arrangement  of  organisms  as  wholes  in  a  genetic  system. 

The  tentative  grouping  of  animal  activities  that  is  here  sketched 
is  based  in  part  on  the  ends  subserved  by  different  kinds  of  be- 
havior and  in  part  on  certain  general  similarities  which  various 
kinds  of  behavior  exhibit.  Only  to  a  minor  extent  is  any  use 
made  of  possible  genetic  affinities  of  different  kinds  of  activities. 
The  procedure  is  somewhat  akin  to  what  one  would  follow  in 
essaying  a  classification  of  organs  or  diseases  or  the  occupations 
followed  by  human  beings.  In  classifying  kinds  of  behavior 
one  is  at  liberty  to  proceed  on  a  number  of  different  principles. 
Professor  Warren  in  his  recent  paper  has  classed  reflexes  into 
four  groups  according  to  the  degree  to  which  they  may  be  modi- 
fied or  inhibited  by  higher  processes.  When  he  passes  to  in- 
stincts he  employs  a  quite  different  basis  of  grouping. 

Making  our  primary  subdivisions  on  the  basis  of  the  relation 
of  behavior  to  the  welfare  of  species,  we  may  group  activities 
into  (1)  those  which  are  adaptive,  and  (2)  those  which  are  not, 
and  the  former  may  be  divided  into  (1  a)  those  which  are  concerned 
with  the  preservation  of  the  individual,  and  (1&)  those  concerned 
with  the  perpetuation  of  the  race.  Most  kinds  of  behavior  which 
have  been  recognized  and  described  have  in  some  way  or  another 
something  to  do  with  the  preservation  of  the  species.  Mr. 
Spencer's  definition  of  life  as  the  continuous  adjustment  of 
internal  relations  to  external  relations,  laying  emphasis  as  it 
does  on  adjustment  (i.e.,  adaptation)  practically  ignores  the 
existence  of  anything  in  vital  activity  which  does  not  make  either 
for  individual  or  race  preservation.  In  his  interesting  but  some- 
what disappointing  chapter  on  the  dynamic  element  in  life  in 
the  second  edition  of  his  Principles  of  Biology,  Mr.  Spencer 
gives  a  belated  recognition  of  the  inadequacy  of  his  previous 
formula  in  that,  among  other  shortcomings,  it  does  not  provide 
for  various  forms  of  dysteleological  activity.  The  primary  group 
of  dysteleological  kinds  of  behavior  is  of  course  a  hodge-podge  of 


Digitized  by 


Google 


CLASSIFICATION  OF  FORMS  OF  ANIMAL  BEHAVIOR  177 

all  sorts  of  performances  resembling  each  other  in  nothing  except 
their  lack  of  utility.  It  is  a  group  recruited  from  all  kinds  of 
behavior,  simple  and  complex,  individual  and  social.  Many  of 
the  acts  in  this  category  are  mere  aberrant  derivatives  of  pur- 
posive acts  or  acts  misdirected  or  misapplied.  Many  are  the 
expression  of  sheer  undirected  activity.  Some  acts,  like  the  fits 
of  animals,  are  pathological.  Others  may  be  the  expression  of 
old  forms  of  behavior  which  persist  like  rudimentary  organs 
under  circumstances  with  which  they  are  not  in  harmony.  Some, 
like  tropistic  responses  to  the  electric  current  and  to  a  less  extent 
other  tropisms,  may  be  an  incidental  result  of  the  creature's 
organization  occurring  with  no  reference  to  its  welfare.  A  large 
and  instructive  treatise  might  be  written  on  such  forms  of  be- 
havior. Obviously  it  would  be  much  more  voluminous  if  it 
included  the  behavior  of  man. 

The  division  of  purposive  behavior  into  self-maintaining  and 
race-maintaining  needs  no  comment.  It  is  as  old  as  Aristotle 
and  represents  a  perfectly  obvious  cleavage,  although  it  is  equally 
obvious  that  many  subordinate  activities  subserve  both  ends. 
Self-maintaining  activities  are  grouped  into  three  divisions, 
(1)  the  sustentative  which  concern  themselves  with  food,  water, 
oxygen,  etc.,  (2)  the  protective,  and  (3)  the  ameliorative.  Most 
animal  activities  concerned  with  self  preservation  are  either 
directed  toward  securing  nutriment  or  protecting  the  body  from 
inimical  agencies.  Nevertheless  there  is  a  group  of  acts  which, 
while  promoting  life,  can  scarcely  be  called  protective  without 
extending  considerable  and  perhaps  unduly  the  ordinary  meaning 
of  that  term.  Such  performances  as  sleeping  or  basking  in  the 
sun,  if  we  call  these  acts,  or  at  any  rate  such  performances  as 
mere  exercise  and  many  forms  of  play  are  only  protective  in  a 
very  indirect  sense,  although  they  may  conduce  to  the  preserva- 
tion of  the  body.  I  have  accordingly  grouped  such  indirectly 
preservative  acts  under  a  distinct  category  designated  ameliora- 
tive. A  pig  wallowing  comfortably  in  the  mud  affords  a  good 
illustration  of  behavior  coming  under  this  rubric. 

Recurring  to  the  sustentative  activities,  it  may  be  pointed 
out  that  these  fall  into  a  number  of  different  classes.    Oldest, 
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TABLE  1 
General  grouping  of  anitMil  activities 
Useless  tropistic  reactions 
Misdirected  instinct 
Abnormal  sex  behavior 
Pathological  activity:  fits 
Useless  social  activity 
Superfluous  random  movements 


Adaptive 


Self-main- 
taining 


Sustentative 


Protective 


Race-main- 
taining 


Ameliorative 


Sexual  be- 
havior 


Parental  be- 
havior (see 
table  3) 


Devouring  food 

Discrimination  of  food 

Capture  of  food 

Activities  preparatory 
to  capture  as  mak- 
ing snares,  pitfalls, 
hunting,  stalking 

Collection  of  food,  dig- 
ging, boring,  gnawing 

Migration 

Caring  for  food  for 
future  use,  hiding, 
burjring,  storing 

Preparation  of  food 

Against  enemies  (see 
table  2) 

Against  inanimate 
forces,  reactions  to 
heat,  light,  gravity, 
chemicals,  etc. 

Against  inanimate  ob- 
jects, i.e.,  avoid- 
ance of  moving  ob- 
jects, cleaning  move« 
ments,  etc. 

(Rest,  sleep,  exercise, 
play,  basking. 

[Of  male  toward  female : 
Copulation 

j     Sex    discrimination, 
seeking  the  female 
Courtship,  sex  calls 
Battling  for  female 

I  Of  female  toward  male, 
Resisting,  accepting 
alluring,  coyness 

Parents  toward  off- 
spring 

Offspring  toward  par* 
ents 


Social  be-        fSustentative 
havior  (see  j  Protective 
table  4)         [Ameliorative 
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phylogenetically,  are  the  movements  directly  concerned  with 
taking  in  or  swallowing  food.  As  animals  become  more  highly 
developed,  we  meet  with  an  elaboration  of  preparatory  or  sub- 
sidiary actions.  Thus  associated  with  taking  in  food  are  acts 
which  bring  the  organism  in  contact  with  food,  and  acts  which 
involve  a  discrimination  between  what  serves  as  food  and  what 
does  not.  In  many  animals  taking  in  food  is  preceded  by  captur- 
ing or  overcoming  some  other  organisms,  or  by  other  activities 
such  as  digging,  boring  or  gnawing.  In  higher  forms,  especially, 
activities  accessory  to  these  are  added  such  as  himting,  making 
snares  or  lying  in  wait.  In  exceptional  cases  there  may  be  storing 
of  food,  as  in  rodents,  many  bees,  and  some  species  of  ants. 
Even  more  elaborate  behavior  is  occasionally  developed,  as 
shown  in  leaf-cutting  ants,  which  devour  fungi  grown  upon  the 
prepared  leaves  which  are  carried  to  the  nest.  The  elaboration 
of  activities  of  varying  degrees  of  indirectness  which  are  sub- 
sidiary to  food  taking  would  afford  an  interesting  phylogenic 
enquiry  to  which  we  can  do  no  more  here  than  simply  call 
attention. 

Protective  activities  may  be  grouped  into  those  concerned  with 
general  forces  such  as  heat,  light,  gravity,  etc.,  and  those  con- 
cerned with  definite  objects.  Under  the  former  come  most  of 
the  forms  of  behavior  commonly  called  tropisms,  in  so  far  bs 
these  are  directly  or  indirectly  subservient  to  life.  For  most 
purposes  of  analysis,  however,  it  is  doubtless  most  advantageous 
to  consider  tropisms  as  general  modes  of  response  quite  regard- 
less of  their  utility. 

^Reactions  of  a  protective  nature  directed  to  specific  objects 
are  common  and  fall  quite  naturally  into  two  groups:  (1)  those  in 
relation  to  living  objects,  usually  enemies,  and  (2)  those  in  re- 
lation to  objects  which  are  not  living.  Protection  from  enemies 
may  be  secured  (a)  through  escaping  from  them  by  some  means, 
or  (b)  by  standing  ground  and  making  some  defense.  Defense 
may  be  accomplished  by  (b  1)  offering  passive  resistance  such  as 
closing  a  shell,  erecting  spines,  or  otherwise  rendering  the  animal 
difficult  to  attack.  Or  (&2)  an  animal  may  defend  itself  by 
actively  inflicting  some  injury  on  its  assailant.    Primarily  such 
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active  defense  consists  in  retaliatory  infliction  of  injury  after 
attack.  But  in  some  cases,  especially  in  higher  forms,  we  meet 
with  an  aggressive  pugnacity  which  does  not  wait  for  an  attack 
to  be  made,  but  incites  to  attacks  which  are  apparently  impro- 
voked.  The  function  of  such  gratuitous  hostility  is,  however, 
primarily  protective.  It  is  often  advantageous  to  take  the 
offensive  against  a  potential  enemy.  Animals  which  are  partic- 
ularly irascible  are  often  given  a  wide  berth  and  this  often  means 
the  undisputed  possession  of  many  desirable  things.    To  a  cer- 

TABLEa 
Forms  of  self-maintaining  protective  behavior  toward  enemies 
Flight 

Death  feigning 
Deceptive  quiet 
By  escape    ]  Hiding 

Disguising,  emitting  ink 
Changing  color 

Making  protective  habitats,  holes,  etc. 
Closure  of  shell  or  habitation 
Rolling  up  (pill  bugs,  armadillo) 
Erecting  spines 
Emitting  odors 


Protective 
behavior 
against 
enemies 


By  defense 


Passive 


Retaliatory 


Active     " 


Biting,  clawing 
Kicking,  stinging 
Hunting  parasites 
Fighting  plays 


...  fSame  acts  that  fall  under 

[.      icip       y  ^    retaliatory  defense 

tain  extent,  also,  aggressive  pugnacity  may  be  the  expression 
of  the  fighting  instinct  which,  if  it  does  not  find  sufficient  exer- 
cise through  provocation,  may  tend  to  discharge  itself  without 
the  usual  stimulus. 

Along  with  active  defense  should  be  placed  playful  or  make- 
believe  fighting  which  is  so  common  among  higher  animals  and 
which  may  be  regarded,  in  accord  with  the  theory  of  Groos, 
as  preparatory  to  serious  encounters. 

Activities  directly  or  indirectly  subservient  to  race  mainte- 
nance form  a  large  and  varied  group.     Obviously,  they  include 
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(first),  sex  behavior,  and  (second)  parental  care,  and  I  have 
also  placed  (third)  social  behavior  under  this  head  because 
such  behavior,  while  often  subserving  the  interest  of  the  indi- 
vidual, is  primarily  of  service  to  the  group  and  much  of  it  is 
probably  derived  phylogenetically  from  activities  concerned 
with  the  maintenance  of  the  family.  Sex  behavior  is  devoted 
to  the  end  of  securing  the  meeting  of  ova  and  spermatozoa. 
It  emerges  gradually  from  the  simple  physiological  functions  of 
forming  and  discharging  the  sex  cells.  There  is  no  sex  behavior 
properly  so-called  in  sponges,  coelenterates,  echinoderms,  many 
moUusks  (such  as  lamellibranchs)  and  various  other  inverte- 
brates which  simply  discharge  their  sex  cells  into  the  water  and 
leave  their  meeting  to  chance.  In  some  of  the  Protozoa  we  may 
have  sex  behavior  involved  in  conjugation,  the  relation  of  which 
to  the  behavior  of  gametes  in  multicellular  organisms  we  shall 
not  here  discuss.  Some  of  the  invertebrates  discharge  their  sex 
cells  under  the  stimulus  afforded  by  the  proximity  of  the  other 
sex  and  in  animals  in  which  internal  fertilization  does  not  occur 
we  often  find  strong  instincts  leading  to  a  close  association  of 
the  sexes  and  a  simultaneous  discharge  of  the  sex  cells  during 
the  breeding  season  as  in  many  fishes.  In  some  animals  that 
discharge  their  sex  into  the  water,  proximity  is  insured  by  the 
development  of  instincts  of  the  male  to  seize  and  retain  the 
female  as  in  frogs  and  toads.  Association  of  the  sexes,  whether 
it  involves  internal  fertilization  and  the  consequent  develop- 
ment of  copulation,  or  whether  it  involves  the  delicate  responsive- 
ness insuring  the  simultaneous  discharge  of  sex  products  into  the 
water,  entails  the  development  of  the  power  of  sex  recognition 
and  activities  on  the  part  of  the  males  for  seeking  and  seizing 
the  females.  Such  a  procedure  involves  a  whole  stream  of 
accessory  activities  which  have  been  of  the  greatest  importance 
in  the  evolution  of  behavior.  Courtship,  the  song  of  birds, 
battles  on  the  part  of  males  for  the  possession  of  females  with  the 
accompanying  evolution  of  larger  size,  strength,  weapons  of  de- 
fense and  pugnacity  in  the  male  sex,  are  among  the  many  sub- 
sidiary developments  which  have  gradually  been  added  to  the 
primary  function  of  sex.    The  evolution  of  sex  behavior,  al- 
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though  most  conspicuous  in  the  male,  has  had  its  complementary 
counterparts  in  the  female  sex  in  the  development  of  various 
instincts  such  as  cojnaess  and  alluring  instincts,  as  well  as  other 
acts  more  closely  associated  with  the  propagation  of  the  species. 

The  category  of  parental  behavior  is  used  in  a  broad  sense  to 
include  not  only  the  behavior  of  parents  toward  offspring  but 
the  reactions  of  offspring  to  parents,  and,  in  the  former  case, 
the  behavior  of  parents  not  only  toward  yoimg,  but  in  relation 
to  the  eggs  from  which  the  young  are  to  emerge.  Behavior 
toward  eggs  includes  the  activities  of  egg  laying,  protecting  and 
incubating  eggs,  nest  building,  selecting  a  site  for  eggs  and  often 
providing  food  for  larvae  to  which  the  eggs  will  give  rise.  As 
I  have  elsewhere  attempted  to  show,*  care  for  yoimg  first  devel- 
oped by  extending  care  directed  to  eggs  to  what  comes  out  of 
the  eggs.  And  when  this  step  is  taken  a  line  of  evolution  is 
entered  upon  which  has  led  not  only  to  greater  and  greater  ex- 
tensions and  elaborations  of  parental  care,  but  also  to  the  various 
forms  of  social  behavior. 

As  the  care  for  offspring  has  evolved  there  has  been  a  coordinate 
development  of  behavior  of  the  young  towards  their  parents. 
Following,  cuddling,  making  cries,  obeying  signals,  such  as  the 
danger  chirr  of  the  domestic  hen,  and  imitation  are  among  the 
acts  by  which  the  yoimg  derive  benefit  from  the  association 
with  their  parents,  and  many  of  these  acts  come,  in  time,  to  have 
a  significance  in  social  life  far  beyond  the  linaits  of  the  family 
group. 

Social  behavior,  like  self-maintaining  behavior,  I  have  divided 
into  the  sustentative,  the  protective  and  the  ameliorative.  There 
are  sustentative  activities  which  are  social,  such  as  mutual 
feeding  among  ants,  bees  and  termites,  collecting,  preparing 
and  storing  food  for  the  group,  leading  others  to  food,  as  in 
ants,  and  group  attacks  upon  prey,  as  in  packs  of  wolves.  But 
most  social  behavior  is  primarily  protective.  And  protective 
social  behavior,  like  protective  individual  behavior,  is  directed 
(1)  toward  inanimate  forces  and  objects  on  the  one  hand,  and 

^  Studies  in  Animal  Behavior.    Gh ,  2.    The  Evolution  of  Parental  Care . 
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Parental  behavior  * 


Egg  laying 


(2)  toward  animate  creatures,  largely  in  the  form  of  enemies^ 
on  the  other.  Under  the  first  there  is  the  consttxiction  of  conmion 
habitations  or  other  means  of  shelter  against  the  elements,  and 
keeping  the  habitation  clean  (as  in  ants  and  bees).     The  chief 

TABLES 

Forms  of  parental  behavior 

Ovipofiition 

Selecting  suitable  places 
or   hosts    (as   in  para- 
sites) 
Preparation  of  places  for 
eggs 
Nest  building,  hole  digging 
Incubation 
Provisioning  eggs 

[Concealing 
Brooding 

Carrying    eggs    or 
Parents  toward        I  young 

o£Fspring  ]  Decoying  away  en&- 

Protecting  eggs,         mies 
nest,  or  young    |  Fighting  enemies 

Keeping  eggs  or 
young  in  opti- 
mum tempera- 
ture, moisture, 
etc. 


Offspring  toward 
parents 


Feeding  young 
Cleaning  young  or  nest 
Training  yoimg 

Feeding,  sucking,  response  to  parental 

feeding 
Clinging 
Cuddling 
Making  cries 
Following 
Obeying  calls 
Imitation 


protective  efforts  of  animals,  however,  are  concerned  with  other 
living  creatures.  The  most  primitive  exhibition  of  such  behavior 
is  direct^  cooperative  defense  against  an  attacking  enemy.  Shel- 
ter making  is  often  more  for  defence  against  enemies  than  for 
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protection  from  the  elements.  Cooperative  offensive  under- 
takings naturally  grow  but  of  defensive  efforts  as  in  individual 
behavior  and  may  likewise  be  regarded  as  primarily  anticipatory 
defense.  Actions  subsidiary  to  defense  naturally  assume  im- 
portance as  life  becomes  more  complex.    We  see  the  develop- 

TABLE4 

Classificatian  of  the  forma  of  social  behavior 

Mutual    feeding    (feeding 

of  queens  and  drones)         f By   discovery   of  food  and  com- 
Co5perative  food  getting       \     munication. 
Food  storing  [By  overcoming  prey 

Food  preparing  (leaf  cutting 


Sus  tentative 


Protective 


ants,  honey  ants) 

Against  inanimate  forces 
or  objects 


Against  enemies 


Direct 


Mutual  shelter  making  and  seek- 
ing 

Mutual  cleaning  and  habitat 
cleaning 

Huddling  together  for  warmth 

Shelter  making 

Mutual  warning  by  cries  and  acts, 

sentinel  posting 
Cooperative  defense 
Codperative      offensive     attacks 

(anticipatory  defense) 


Indirect 


Ameliorative 


Social  play,  music 

Social  self  assertion,  pride,  show- 
ing off,  domineering 

Social  subordination,  following, 
bashfulness,  modesty 

Communication 

Imitation 

Suppressing  the  egregious 

Manifestations  of  sjnmpathy  and 
affection 

(Many  social  plays  and  amusements 
Music  «* 

Aesthetic  activity 


ment  of  warning  behavior,  danger  cries,  the  posting  of  sentinels, 
and  the  communication  of  a  hostile  attitude  by  the  spread  of 
the  angry  hum  in  a  hive  of  bees. 

Besides  the  defensive  actions  of  social  animals  and  the  ac- 
tions inmiediately  subservient  to  the  function  of  protection, 
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there  is  a  large  class  of  social  activities  whose  connection  with 
defense  is  quite  indirect  but  whose  raison  d'6tre  is  nevertheless 
to  be  found,  at  least  in  part,  in  their  subservience  to  this  end. 
The  instincts  which  make  for  social  subordination  such  as  bash- 
fulness,  the  tendency  to  attack  or  suppress  the  egregious,  se- 
quacity,  and  to  a  certain  extent  imitation,  make  indirectly  for 
the  solidarity  of  the  group  upon  which  successful  defense  often 
depends.  Mutual  aid  and  the  sympathy  by  which  in  higher 
forms  such  aid  is  prompted,  as  well  as  many  of  the  play  activi- 
ties of  social  animals  contribute  also  to  the  same  end.  On  the 
other  hand,  we  have  the  instinctive  exhibition  of  pride,  self 
assertion,  the  tendency  to  dominate  and  assume  leadership 
entering,  along  with  apparently  opposite  or  contradictory  traits, 
into  the  composition  of  the  higher  animals  and  man.  I  shall 
not  discuss  the  interesting  problem  of  how  far  the  original  na- 
ture of  man  can  be  interpreted  from  the  standpoint  of  adaptive 
responses.  There  is  in  all  animals,  and  possibly  to  a  relatively 
large  extent  in  human  beings,  an  ingredient  of  biologically  non- 
significant behavior.  How  large  is  this  ingredient  of  undiscip- 
lined activity  which  has  never  been  worked  in  for  military  serv- 
ice is  diflBlcult  to  determine.  The  Darwinian  must  agree  with 
the  dictum  of  Schiller,  ''Ernst  ist  das  Leben," — ^life  is  serious 
business.  But  while  life  is  ever  devoted  to  its  own  maintenance, 
to  a  considerable  and  not  accurately  determined  extent  it  in- 
dulges in  just  frills.  The  Darwinians  may  argue,  often  with 
reason,  that  what  appear  to  be  just  frills  have  nevertheless 
their  indirect  utility.  The  Groos  theory  of  play  would  reduce 
the  most  wanton  gambols  of  young  lambs  to  preparation  for 
the  serious  business  of  later  life.  Even  our  social  plays  and 
sports  may  prepare  for  social  Ufe  and  tend  to  promote  social 
solidarity.  But  even  accepting  such  an  interpretation  of  play 
as  valid,  it  can  at  least  represent  but  a  general  truth.  Just  as 
naturaUsts  are  coming  to  regard  many  of  the  specific  characteris- 
tics of  organisms  of  no  utility,  so  there  are  many  acts  which  have 
no  biological  value  or  are  even  injurious.  And  when  we  come 
to  interpret  the  behavior  of  human  beings  in  relation  to  a  phys- 
ical and  social  environment  that  is  ever  changing,  it  is  obvious, 
I  believe,  that  such  behavior  should  become  much  more  common. 
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To  a  larger  extent  than  obtains  in  lower  forms,  perhaps,  social 
behavior  in  higher  animals,  and  especially  in  man,  may  be 
described  as  ameliorative,  although  it  is  always  diflicult  to  draw 
a  distinction  between  this  category  and  acts  which  are  indirectly 
protective.  Much  of  human  social  behavior,  when  it  has  any 
biological  significance  at  all,  is  not  directed  toward  preparing, 
even  in  sport,  for  any  particular  defensive  action.  Our  various 
forms  of  amusement,  so  far  as  they  can  be  said  to  enhance  life, 
have  a  general  rather  than  a  specific  benefit.  The  same  is 
probably  true,  although  to  a  less  extent,  of  the  social  plays  of 
animals. 

The  foregoing  classification  of  animal  activities  is  confessedly 
imperfect  in  many  ways.  It  presents  only  one  system  of 
grouping  out  of  many  which  might  be  devised  and  which  may 
have  their  special  advantages.  The  attempt  to  class  forms 
of  behavior  naturally  suggests  many  problems  of  derivation  of 
forms  of  activity.  It  is  perhaps  useful  in  aiding  us  to  gain  a 
comprehensive  view  of  animal  activities;  it  may  help  us  to  con- 
ceive how  they  have  unfolded,  how  accessory  activities  have 
been  added  to  primitive  ones,  and  to  understand  how  forms 
of  behavior  have  become  interrelated  in  various  ways  in  the 
course  of  evolution. 
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THE  ABILITY  OF  MUDMINNOWS  TO  FORM  ASSOCIA- 
TIONS  WITH  SOUNDS 

FLORENCE   WESTERFIELD 
Zoologiedl  Laboratory,  Univertity  of  Witconsin 

Parker  (1903,  1918)  showed  that  fishes  receive  stimuli  from 
sound  vibrations;  that  vibrations  at  very  slow  rates  stimulate 
the  lateral  line  organs  and  that  more  rapid  vibrations  stimulate 
the  ear.  Washburn  and  Bentley  (1904),  and  White  (1919) 
demonstrated  that  chubs,  mudminnows  and  sticklebacks  can 
form  associations  with  particular  colors  and  the  latter  investi- 
gator has  recently  proved  that  such  discriminations  are  to  be 
definitely  referred  to  particular  vibrations  (colors)  and  not  to 
intensity  differences. 

Mudmiimows  Umbia  limi  (Eirtland),  and  sticklebacks,  Euca- 
lia  inconstans  (Eirtland)  depend  largely  on  the  sense  of  sight 
in  their  ordinary  activities,  but  the  writer  made  preliminary 
tests  which  indicated  that  these  fishes  react  readily  to  sounds, 
and  was  able  later  to  show  that  the  mudminnow  is  able  to  form 
associations  with  particular  tones.  This  paper  describes  ex- 
periments in  which  mudminnows  learned  to  associate  a  high 
tone  with  a  distasteful  flavor  and  a  low  tone  with  food.  Similar 
experiments  were  tried  with  sticklebacks  by  another  person  in 
this  laboratory,  but  these  fishes  never  learned  to  leave  the  im- 
palatable  baits  alone.  They  soon  became  very  tame  and  jumped 
after  everything  that  was  offered  to  them.  Sometimes  they 
even  pursued  and  swallowed  impalatable  objects  that  they  had 
just  taken  into  their  mouths  and  rejected.  As  the  experiments 
with  sticklebacks  gave  no  positive  evidence  of  ability  to  form 
associations  with  sounds,  they  are  not  described. 

On  October  1,  1921,  ten  mudminnows  were  brought  into  the 
laboratory  and  placed  in  separate  battery  jars  (diameter  15  cm.; 
height  20  cm.),  which  were  arranged  in  a  row  on  a  long  table 
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against  a  wall.  A  thick  piece  of  corrugated  paper  was  placed 
beneath  each  jar,  in  order  to  prevent  the  ready  transmission  of 
vibrations  from  the  table  to  the  jars  and  vice  versa.  Two  of 
the  minnows  died  during  the  first  week,  but  the  other  eight 
remained  in  good  condition  until  after  January  1,  1922. 

From  October  1  until  December  21  the  minnows  were  fed 
every  day,  except  Sundays,  with  bits  of  snail  offered  to  them  on 
a  pair  of  forceps.  Before  each  fish  was  fed  a  cardboard  cylinder 
was  placed  around  the  jar  in  which  it  was  kept,  so  it  could  not 
see  what  was  to  be  offered  on  the  forceps.  Before  feeding,  the 
base  of  a  ukelele  was  placed  against  the  jar  through  an  oblong 
slit  in  the  cardboard.  Before  and  while  the  food  was  offered  a 
low  note  (low  D ;  288  vibrations  per  second)  was  sounded  several 
times.  The  base  of  the  instrument  completely  closed  the  aper- 
ture; thus  making  it  impossible  for  the  fish  to  see  its  surroimdings 
and  giving  a  good  contact  against  the  glass  wall  of  the  jaw. 
Each  fish  was  given  one  piece  of  snail  each  day.  All  soon  be- 
came tame  and  learned  to  leap  about  a  centimeter  out  of  water 
to  take  food  from  the  forceps. 

After  November  8,  each  fish  was  daily  given  two  opportunities 
to  take  objects  from  the  forceps.  For  one  trial  a  piece  of  fresh 
snail  was  offered ;  for  the  other,  a  piece  of  gray  paper.  The  paper 
resembled  a  piece  of  snail  in  color  and  general  appearance  and 
had  been  soaked  in  spirits  of  camphor.  After  December  1,  one 
minute  was  allowed  for  each  fish  to  take  or  refuse  the  object 
offered.  The  order  in  which  food  and  camphor-soaked  paper 
were  offered  was  varied  from  day  to  day.  Whenever  the  paper 
was  offered  a  high  string  on  the  ukelele  was  sounded  (pitch, 
middle  A;  426  vibrations  per  second). 

After  November  8,  each  fish  could  make  two  mistakes  each 
day — it  might  refuse  the  food  or  take  the  paper.  At  the  end 
of  the  experiments  (December  21,  22,  23)  food  was  offered  when 
the  high  string  was  sounded  and  paper  when  the  low  string  was 
sounded — thus  reversing  the  signals  to  which  the  fishes  had 
been  trained.  Fishes  numbered  1  and  2  did  not  appear  to  learn 
as  well  as  the  others,  but  it  was  discovered  on  December  14  that 
the  papers  below  their  jars  had  warped  so  that  the  base  of  the 
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TABLE  1 
Errors  made  by  eight  miidminnowe.    Fed  snail  meat  with  low  tone  from  October  1  to 
December  £0,  and  camphor-soaked  paper  with  high  tone  from  November  8  to  Decem- 
ber to.    Fed  camphor-soaked  paper  on  low  tone  and  snail  meat  on  high  tone  on 
December  Bl,  $B,  $S 


KUMBBB  OF  FISH 

1 
0 

2 

3 

4 

0 

5 

1 

6 

7 

9 

TOTAL 

FEB 

CBNT 
BBBOB 

October        1 

1 

1 

0 

1 

0 

4 

60 

October        3 

1 

1 

1 

0 

1 

1 

0 

0 

5 

62 

October        4 

1 

1 

0 

1 

0 

1 

0 

0 

4 

60 

October        5 

1 

0 

0 

0 

0 

0 

0 

0 

1 

88 

October        6 

0 

0 

0 

1 

0 

0 

0 

0 

1 

88 

October        7 
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0 

0 
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88 

October        8 
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0 

1 

0 

0 
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0 

0 

1 

88 

October       10 
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0 

0 

0 
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October      11-15 
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0 

0 

0 

0 

0 
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0 
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0 

0 

0 

0 

1 
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October       18-31 
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0 
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November    1-8 
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November    1-  8 
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1 
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1 

1 

1 

0 

5 

33 

November  12 

0 

0 

0 

0 

0 

0 

0 

1 

1 

6 
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1 

0 

0 

0 

0 

0 

0 

1 

2 

13 
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1 
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0 
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1 
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1 
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0 

1 

0 

0 

1 

1 

0 

5 

33 
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2 

14 
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27 
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December  23 
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2 
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ukelele  was  prevented  from  making  a  good  contact  with  the 
glass.  After  this  defect  was  corrected,  these  two  fishes  made 
better  records. 

Table  1  smnmarizes  the  results  of  the  experiments.  There 
seems  to  be  no  doubt  that  all  of  the  fishes  learned  to  associate 
the  high  tone  with  camphor-soaked  paper  and  the  low  tone  with 
snail.  This  is  rendered  more  certain  by  the  behavior  of  the 
fishes  after  December  20,  i.e.,  after  the  soimds  associated  with 
food  and  paper  had  been  reversed.  The  fishes  continued  to 
respond  as  they  had  been  taught  to  do,  though  their  behavior 
was  then  "wrong"  for  securing  food. 

The  conclusion  appears  to  be  warranted  that  mudminnows  are 
able  to  form  associations  with  sound  vibrations. 
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ABILITY  OF  PIMEPHALES  NOTATUS  TO  FORM  ASSO- 
CIATIONS  WITH  SOUND  VIBRATIONS 

HELEN  E.  Mcdonald 

Zoological  Laboratory,  Univernty  of  Wisconsin 

Several  blunt-nosed  minnows,  Pimephales  notatus  (Rafin- 
esque),  were  brought  into  the  laboratory  on  November  29, 1921, 
and  kept  for  several  weeks  before  they  were  subjected  to  experi- 
ment. Their  average  length  was  1^  inches.  In  nature  these 
minnows  are  hardy  and  show  considerable  adaptibility  to  dif- 
ferent habitats,  and  great  variety  in  their  food.  They  are  very 
alert,  quick  in  their  movements,  and  seem  to  make  constant 
use  of  the  sense  of  sight,  both  in  escaping  danger  and  in  ob- 
taming  food.  They  show  a  pronounced  tendency  to  form  schools. 
Those  in  the  laboratory  moved  about  together  in  the  aquarium. 
For  this  reason  it  was  decided  to  use  an  experiment  that  would 
involve  the  group  as  a  whole,  in  order  to  test  the  ability  of  the 
minnows  to  form  associations. 

An  aquarium  that  measured  18  inches  long,  10  inches  wide, 
and  13  inches  deep  (inside)  was  filled  with  water  to  a  height  of 
9  inches.  The  two  ends  were  of  wood,  while  the  sides  were  of 
glass.  A  bass  viol  string  was  stretched  lengthwise  across  the 
top  on  one  side  and  fastened  securely  at  both  ends.  A  device 
for  tuning  the  string  made  it  possible  to  keep  it  tuned  to  G  below 
C  on  the  bass  cleft,  and  thus  a  frequency  of  ninety-six  vibrations 
per  second  was  maintained.  A  cardboard  was  placed  over  the 
top  of  the  aquariiun,  just  beneath  the  string,  to  prevent  the 
minnows  from  seeing  the  vibrating  string,  or  the  experimenter, 
and  thus  the  possibility  of  the  fishes  forming  an  association  by 
means  of  sight  was  eliminated.  The  wood  to  which  the  string 
was  attached  vibrated  with  the  same  frequency  as  the  string, 
and  these  vibrations  were  communicated  directly  to  the  water. 
A  small  hole,  measuring  2^  inches  in  diameter,  was  cut  in  the 
cardboard. 
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The  purpose  of  the  experiment  was  to  see  if  blunt-nosed  min- 
nows could  be  trained  to  come  to  the  opening  in  response  to 
the  vibrations.  Bits  of  finely  chopped  clam  meat  were  fed  to 
them  immediately  after  the  string  was  made  to  vibrate. 

Six  minnows  were  chosen  and  placed  in  the  aquarium  several 
days  before  the  period  of  training  began  (January  2, 1922),  For 
the  first  few  days  the  fishes  responded  to  a  fairly  strong  vibra- 
tion by  darting  to  the  bottom  of  the  aquarium  and  remaining 
there  for  several  minutes  before  again  venturing  near  the  sur- 
face. Food,  dropped  through  the  opening  immediately  aft^r 
the  vibrating  of  the  string,  was  allowed  to  reach  the  bottom  of 
the  aquarium  before  being  seized  by  the  fishes.  After  two  weeks 
of  daily  training  the  minnows  had  changed  their  first  reaction, 
and  in  response  to  the  vibrations  they  would  dart  quickly  to  the 
surface  of  the  water  in  the  comer  just  beneath  the  opening  in 
the  cardboard,  eagerly  awaiting  bits  of  food. 

Every  precaution  was  taken  to  prevent  the  minnows  from 
seeing  the  person  who  vibrated  the  string  and  dropped  the  food 
into  the  aquarium.  After  the  association  was  formed,  the  food 
was  never  put  into  the  aquarium  until  the  fishes  had  responded 
to  the  vibrations  by  coming  to  the  surface.  To  prevent  the 
possibility  of  shadows  influencing  the  action  of  the  fishes,  an 
artificial  light  was  suspended  directly  over  the  aquarium. 

This  experiment  indicates  that  the  blunt-nosed  minnow  is 
able  to  form  an  association  with  sound  vibrations. 

No  effort  was  made  to  determine  whether  the  stimulus  was 
received  through  the  skin,  the  lateral  line,  or  the  inner  ear.  All 
three  of  these  organs  may  act  as  receptors  for  the  vibrations. 
It  seems  probable  that  the  association  was  formed  with  the 
sound,  and  that  the  inner  ear  was  the  receptor  involved.  This 
conclusion  appears  to  be  justified  on  account  of  the  results  of 
experimental  work  by  Parker^  on  Fundulus.  This  investigator 
found  three  receptors  for  vibratory  stimuli  in  fishes  and  con- 
cluded that  the  function  of  the  lateral  line  is  to  perceive  slow, 

1  Parker,  H.  G.    1903    Hearing  and  allied  senses  in  fishes.    Bull.  U.  S.  Fish. 
Comm.,  xxii,  45-62;  also    1918    A  critical  survey  of  the  sense  of  hearing  in  fishes.  . 
Proc.  Amer.  Phil.  Soc,  xlvii,  1-30. 
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mass  movements  of  the  water,  while  the  skin  is  influenced  by 
surface  waves  or  ripples,  and  that  the  ear  receives  sound  vibra- 
tions. He  came  to  the  last  conclusion  because  he  noted  that 
the  fishes  reacted  before  waves  set  up  by  the  vibration  of  such 
a  string  as  was  used  in  the  present  experiment  had  time  to  reach 
them.  The  quickness  of  the  reactions  of  the  blunt-nosed  min- 
nows, and  their  responses  when  at  such  depths  as  to  be  below 
the  action  of  surface  waves,  indicates  that  these  fishes  possess  a 
sense  of  hearing  and  are  capable  of  forming  associations  by  means 
of  that  sense. 
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THE  INTEGRATIVE  CHARACTER  OF  HABITS 

J.  R.  KANTOR 
Univernty  of  Indiana 

Among  the  indications  that  psychology  is  making  headway, 
in  the  understanding  and  solution  of  some  of  its  intriguing  but 
no  less  difficult  problems  stands  prominently  the  fact  that  the 
psychologist  is  broadening  his  perspective  and  withdrawing  from 
the  narrowness  which  the  physiological  ancestry  of  psychology 
has  bequeathed  to  him.  Signs  multiply  that  psychologists  are 
beginning  to  admit  into  their  purview  many  of  the  larger  forms  of 
psychological  phenomena  which  we  may  designate  as  social 
reactions,  and  what  is  equally  important  they  are  taking  a  keener 
interest  in  the  larger  and  more  complex  individual  reactions  that 
are  usually  spoken  of  under  the  heading  of  abnormal  and  patho- 
logical behavior.  In  general,  we  might  say  that  psychology  is 
opening  its  doors  to  broader  and  perhaps  more  significant  prob- 
lems and  is  no  longer  circimiscribing  its  activities  by  physiologi- 
cal boimdaries  which  limited  its  studies  almost  wholly  to  sensory 
reactions. 

One  of  the  most  striking  facts  correlated  with  this  enlarging 
attitude  of  psychologists  appears  to  the  writer  to  be  the  growing 
appreciation  of  the  place  stimuli  take  in  the  operation  of  psycho- 
logical phenomena.  And  by  stimuli  we  must  mean  here  actual 
objects  and  conditions  with  which  are  integrated  both  our  simple 
and  complex  reactions.  For  only  when  we  eschew  the  traditional 
fallacy  that  the  stimuli  to  our  actions  are  merely  light  rays  or 
soimd  waves  can  we  hope  to  understand  the  complex  interactions 
of  the  psychological  organism  with  its  surroimding  objects.  Now 
when  we  look  upon  psychological  phenomena  as  coordinations  of 
responses  and  stimuli  the  domain  of  psychological  observation  is 
unlimited;  we  may  study  any  kind  of  reaction  of  the  person 
whether  it  be  simple  or  complex,  physical,  social,  aesthetic  or 
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intellectual,  whether  it  be  normal  or  pathologic.  Standing  upon 
this  kind  of  platform  we  may  hope  to  study  the  psychological 
process  of,  say,  reasoning  as  an  actual  response  to  social  and 
cultural  situations  and  not  be  content  with  repeating  the  fruitless 
abstractions  of  what  is  supposed  to  be  logic.  And  to  mention 
another  illustration,  when  we  look  upon  psychological  phenomena 
as  responses  to  actual  stimuli  we  can  then  study  such  constant 
phenomena  as  sleep  and  dreams  with  some  hope  of  understanding 
them  instead  of  throwing  them  out  of  the  domain  of  psychology 
as  abnormal.  Also,  language  need  no  longer  stand  as  an  unwel- 
come stranger  at  the  gates  of  psychology  but  may  be  admitted 
into  its  domain  as  genuine  data  capable  of  being  analyzed  and 
interpreted.  In  short,  we  may  say  that  a  concrete  study  of 
stimulating  conditions  as  phases  of  such  phenomena  must  rob 
of  its  sting  the  accusation  made  against  the  psychologist  that  he 
does  not  consider  himself  a  scientist  until  he  has  destroyed  the 
living,  pulsating  and  striving  thing  that  is  man. 

More  especially  are  we  interested  at  present  in  pointing  out 
the  advantage  to  psychology  of  including  the  stimuli  when  we 
are  trying  to  understand  the  type  of  behavior  we  have  learned 
to  know  as  habits.  Consider  for  a  moment  what  the  traditional 
physiological  psychology  has  done  with  habits.  In  the  first 
place,  because  psychological  phenomena  are  presumed  to  be  the 
mere  operation  of  physiological  structures,  habit  responses  are 
believed  to  comprise  only  a  few  overt  actions.  Secondly,  these 
habits  are  thought  of  as  governed  or  made  to  operate  in  some 
manner  by  so-called  lower  brain  centers  which  have  no  part  in 
the  acquisition  of  the  reactions  but  take  over  the  "control"  from 
the  higher  brain  centers,  which  operated  during  the  formation 
of  the  habits.  Contrariwise,  when  we  consider  habits  to  be  the 
reactions  of  a  person  to  definite  objects  and  conditions  about  him 
we  can  not  limit  them  merely  to  simple  overt  responses  but  must 
take  account  of  all  the  varieties  of  habit  responses  which  we  can 
observe  ourselves  to  have,  besides  understanding  the  conditions 
under  which  they  are  formed  and  the  manner  in  which  they 
operate  after  we  acquire  them. 
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Howsoever  humiliating  it  may  be  to  the  technical  psychologist 
it  is  still  true  that  much  of  the  impetus  responsible  for  the  grow- 
ing appreciation  of  the  place  of  stimuli  in  psychological  phenom- 
ena has  been  derived  from  the  study  and  the  interpretations  of 
the  psychopathologists.  They  it  was  who,  working  with  persons 
whose  behavior  was  conditioned  by  some  untoward  condition  in 
the  surroundings,  had  to  take  accoimt  of  those  surroundings  in 
their  endeavor  to  improve  the  behavior  of  the  abnormal  individ- 
ual. As  a  record  of  fact,  the  unbiased  studies  of  the  psycho- 
pathologists yield  us  much  information  concerning  the  complexity 
of  our  physical  and  social  stimuli. 

But  when  we  accord  the  psychopathologist  his  full  meed  of 
credit  for  bringing  to  our  attention  the  r61e  of  stimuli  in  the  opera- 
tion of  our  reactions  let  us  observe  that  we  do  not  thereby  in  the 
least  detract  from  the  value  of  the  technical  psychologist's  work 
in  this  direction.  For  this  emphasis  upon  the  rdle  of  stimuli  in 
psychological  phenomena  is  to  a  great  extent  the  outcome  of  the 
psychologist's  changing  attitude  toward  the  character  of  psycho- 
logical data. 

To  say  the  least,  it  is  being  more  and  more  appreciated  that 
psychological  reactions  are  not  merely  psychical  elements,  or  in 
the  case  of  habits  merely  the  organization  of  neural  elements  (the 
earthly  surrogates  of  psychic  states)  but  rather  that  all  actions 
are  complex  operations  of  persons.  This  objective  interpreta- 
tion of  psychological  phenomena  forces  us  to  correlate  the  indi- 
vidual's responses  with  other  facts  connected  with  them.  Thus, 
we  find  that  the  observations  of  psychologists  themselves  have 
led  to  the  view  that  stimuli  conditions  are  important  in  the 
study  of  human  behavior,  and  this  recognition  is  entirely  in  addi- 
tion to  the  intellectual  support  of  this  view  derived  from  the  work 
of  the  psychopathologists.  To  the  writer  this  dual  origin  of  our 
interest  in  the  stimulating  circumstances  of  behavior  seems  most 
significant  because  it  lends  support  to  the  correctness  of  the  view 
that  such  circumstances  cannot  be  omitted  from  an  accurate 
study  of  our  actions. 

And  now  we  come  to  the  purpose  of  this  paper.  It  is,  namely, 
an  attempt  to  interpret  habit  responses  in  such  a  way  that  we 
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will  both  do  justice  to  the  description  of  the  response  factors  and 
at  the  same  time  connect  them  with  their  stimulating  auspices. 
For  we  believe  that  the  fundamental  character  of  a  habit  response 
is  precisely  the  manner  in  which  it  is  connected  with  its  stimulus. 
To  us  it  seems  that  a  thoroughgoing  study  of  habits  in  this  way 
would  yield  up  much  of  the  secret  which  psychologists  now  con- 
sider a  veiled  mystery  concerning  the  nature  of  habit  formation. 
Is  not  this  mystery  essentially  inherent  in  the  view  that  the  for- 
mation of  habits  is  due  to  some  hidden  processes  in  the  neural 
apparatus  or  at  least  in  some  physiological  "basis'' ?  As  a  pro- 
visional study  of  the  stimulus-response  nature  of  habit  reactions 
we  are  offering  the  following  discussion. 

I.  THB  GENERAL  NATURE  OF  HABITS 

Habit  reactions  constitute  in  their  widest  phases  specific  forms 
of  intimate  connections  between  behavior  adjustments  and  par- 
ticular stimuli  objects  and  conditions.  Through  repeated  con- 
tacts of  specific  responses  with  sundry  particular  objects,  persons 
and  circumstances,  the  former  in  the  course  of  time  become  prac- 
tically inseparably  integrated  with  their  specific  stimuli.  ^  As  a 
consequence,  we  find  that  in  some  cases  of  simple  behavior,  habit 
reactions  are  automatized  actions,  since  the  process  of  integra- 
tion results  in  a  minimization  of  the  challenge  which  an  uninte- 
grated  stimulus  usually  offers  the  individual.  Because  the  person 
has  developed  a  large  number  of  such  intimate  integrations  of 
stimuli  and  responses  the  mere  presence  of  the  stimuli  call  forth 
the  correlated  responses  and  consequently  it  appears  that  the 
person  is  conditioned  or  guided  by  the  stimuli  in  such  a  way  that 
he  is  enabled  to  respond  more  readily  and  definitely  to  his  various 
surroimdings.  In  other  and  more  complex  situations  the  inte- 
gration of  responses  and  stimuli  serve  not  to  provide  the  organism 
with  automatized  acts  but  rather  with  specialized  behavior  equip- 
ment for  complex  stimulating  conditions. 

Habits,  then,  in  their  broader  aspects  are  describable  as  forms 
of  action  which  appear  to  place  the  organism  en  rapport  with 

1  A  similar  integration  hypotheaifl  is  suggested  by  Holt,  The  Freudian  Wiah, 
1915,  p.  189. 
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surrouBding  objects  and  result  in  an  ease  of  adjustment  which 
could  only  be  brought  about  by  the  development  of  an  intimate 
relationship  between  responses  and  stimuli.  We  may  look  upon 
habit  responses,  therefore,  as  involving  specialized  forms  of  the 
associational  processes,  in  which  reactions  are  intimately  inter- 
connected with  specific  objects  and  other  forms  of  stimuli. 

Need  we  say  that  habit  reactions  are  active  positive  processes 
and  not  merely  the  passive  conformity  of  the  person  to  his  sur- 
roundings? That  is  to  say,  the  fact  of  having  a  habit  does  not 
mean  undergoing  a  change  that  will  make  us  fit  into  our  sur- 
roundings. The  psychological  fact  of  habit  is  not  at  all  a  passive 
change  as  in  a  garment  which  fits  better  after  being  worn  or  a 
lock  which  works  better  after  being  used.  Such  presumed  anal- 
ogies do  not  touch  the  problem  of  habits  in  the  least,  as  James 
seemed  to  think. 

But  if  the  habit  situation  is  an  active  one,  in  what  consists  the 
activity?  We  answer,  as  we  have  so  many  times  repeated,  in 
the  organization  of  specific  responses  to  specific  stimuli.  The 
emphasis  is  always  and  foremost  upon  the  fact  of  integration  and 
not  upon  any  change  in  the  individual,  although  as  we  shall  see  the 
possession  of  an  equipment  of  habits  naturally  means  always  de- 
cided changes  in  the  person.  Indeed  when  we  learn  what  a 
person's  habit  equipment  is  we  are  in  a  fair  way  to  understanding 
him  and  to  predicting  how  he  will  act  under  given  stimulating 
circumstances. 

Let  us  be  carefully  warned  at  once  that  our  conception  of 
habits  as  the  integration  of  specific  responses  with  particular 
objects  and  conditions  precludes  and  invalidates  the  mistaken 
notion  frequently  exploited  that  habits  constitute  a  general  type 
of  acquired  reactions,  and  that  the  term  habit  merely  contrasts 
with  the  term  native,  the  sjrmbol  for  unlearned  reactions.  This 
is  not  so  in  fact,  for  certainly  it  is  true  that  an  equal  number  of 
our  reactions,  the  acquisition  of  which  no  one  can  doubt,  are  not 
correctly  described  as  merely  intimate  integrations  of  responses 
and  stimuli,  a  description  which  does  mark  habits.  Here  we 
might  mention  thought  and  feeling  reactions  of  all  sorts,  many  skill 
responses  and  language  activities.    When  we  make  all  acquired 
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reactions  into  habits  do  we  not  unduly  efface  the  difference 
between  our  reactions  and  make  of  habit  merely  a  term  to  stand 
for  the  fact  that  reactions  are  acquired?  Twofold  is  our  objection 
to  such  a  view.  In  the  first  place,  it  involves  a  radically  false 
assimaption  concerning  the  inheritance  of  actions,  and  in  the 
second  place,  it  overlooks  the  fact  that  habit  reactions  are  definite 
and  specific  forms  of  reaction  systems,  that  is  to  say  habits  consti- 
tute a  particular  group  of  reactions.  If  we  care  at  all  to  trace  the 
source  of  this  mistaken  identification  of  all  acquired  behavior  as 
habit  responses  we  may  find  it  in  the  acknowledged  fact  that 
habit  reactions  do  not,  as  some  of  our  simpler  reactions  do,  involve 
a  very  close  dependence  upon  the  organic  constitution  of  the  in- 
dividual. This  source,  rooted  in  fact  as  it  may  be,  does  not  in 
the  least  provide  an  adequate  justification  for  the  attitude  that 
all  responses  called  acquired  are  habits. 

Another  reason  we  may  discover  for  the  contention  that  all 
acquired  responses  answer  to  the  same  description  as  habits  is 
that  the  acquisition  of  habit  responses  does  undoubtedly  presup- 
pose a  fair  amount  of  behavior  equipment  already  possessed  by 
the  person.  But  this  indubitable  fact  in  no  wise  means  or  im- 
plies that  the  reactions  comprising  that  already  possessed  equip- 
ment are  not  themselves  entirely  or  mainly  acquired.  It  is  this 
latter  case  that  we  take  to  be  the  fact,  and  we  need  only  add  that 
this  already  possessed  equipment  may  consist  of  habits  as  well 
as  of  many  other  kinds  of  reaction  systems. 

Very  important  is  the  characteristic  of  habit  responses  which 
may  best  be  described  as  that  of  the  practically  non-transforma- 
tion of  the  stimulating  objects  and  circumstances.  Let  us  recall 
again  that  the  significant  feature  of  the  entire  habit  situation  is 
the  interconnection  of  a  response  and  a  stimulus;  so  it  is  not 
surprising  that  aside  from  the  case  in  which  the  stimulus  is  an 
endogenous  reflex  of  the  individual  no  change  or  increase  in  the 
object  or  other  stimulating  situation  occurs  either  when  the 
habit  is  built  up  or  when  it  operates  later. 
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II,   THE  FUNDAMENTAL  PSYCHOLOGICAL  BASIS  OF  HABITS 

Habit  reactions  have  their  basis  primarily  in  two  fundamental 
characteristics  of  psychological  phenomena,  namely,  (1)  differen- 
tiation and  (2)  integration  of  behavior. 

1.  Differentiation  of  behavior  means  that  every  psychological 
act  consists  of  a  differential  response  of  the  organism  to  some 
specific  object  or  other  stimulus  factor.  Essentially,  the  point 
is  that  no  psychological  fact  can  be  thought  of  as  consisting  ex- 
clusively of  the  reaction  phases  of  adjustments  but  must  always 
include  also  the  stimulus  factor.  The  actual  unit  of  psychological 
phenomena,  in  other  words,  consists  of  a  definite  response  and 
a  stimulus.  This  means  that  the  psychological  individual  builds 
up  specific  responses  to  concrete  stimuli  which  operate  when 
those  stimuli  are  presented,  unless  the  response  is  delayed  or 
inhibited.  Now  habit  responses  represent  an  intensive  form  of 
such  differential  connections  between  responses  and  stimuli. 
Intensive  connection  we  say  because  there  is  in  the  habit  situation 
not  only  this  connection  between  a  response  and  a  stimulus  but 
a  practically  fatalistic  operation  of  the  response  when  the  stimu- 
lus is  presented.  Possibly  it  is  not  inappropriate  to  suggest 
that  the  acquisition  of  habit  responses  is  equivalent  to  a 
minimization  of  the  chances  for  inhibition  and  delay  of  the  re- 
sponses in  the  presence  of  their  coordinated  stimuli. 

2.  The  second  psychological  condition  in  which  habits  are 
rooted  is  the  property  of  integration  by  which  is  meant  the 
morphological  organization  of  reaction  systems  of  which  the 
product  is  a  more  complex  and  adaptable  reaction  unit.  In  two 
ways  is  the  condition  of  integration  operative  in  the  habit  situa- 
tion. First,  directly  in  the  organization  of  more  complex  re- 
action systems  from  simpler  ones,  a  process  which  is  of  no  slight 
importance  in  the  development  of  habit  responses,  since  the  inte- 
gration of  responses  with  stimuli  frequently  involves  considerable 
development  and  expansion  of  reaction  systems.  Especially 
noticeable  is  this  situation  in  the  organization  of  typewriting, 
swimming,  and  other  primarily  manual  activities.  In  the  second 
place,  the  integration  process  is  of  great  importance  in  habit 
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formation  in  an  indirect  way,  namely^  as  a  prominent  process  in 
psychological  association.  Now  one  of  the  primary  forms  of 
psychological  association  consists  in  the  process  whereby  re- 
sponses are  connected  with  stimuli,  and  some  forms  of  these 
associational  connections  we  may  well  call  habits. 

In  detail,  the  habit  forms  of  association  are  such  close  associa- 
tions of  response  patterns  and  stimuli  that  not  only  are  the 
various  member  reaction  systems  integrated  into  a  unit,  but  this 
pattern  as  a  unit  of  response  appears  also  to  be  very  closely  inte- 
grated with  the  stimulus,  so  that  the  whole  behavior  fact  becomes 
an  indivisible  unitary  process.  Upon  the  closeness  of  this  inte- 
gration of  the  members  of  the  behavior  pattern,  and  the  whole 
pattern  with  the  stimulus  can  we  differentiate  between  degree 
classes  of  habits,  the  limiting  point  being  such  a  loose  connection 
that  the  segment  of  behavior  can  no  longer  be  called  a  habit 
action.  And  thus  one  of  the  incidental  results  derived  from  our 
study  of  the  psychological  basis  of  habit  responses  is  a  touch- 
stone by  which  to  distinguish  habit  behavior  segments  from  other 
types.  This  characterization  of  habit  behavior  segments  we  shall 
discuss  in  the  next  two  sections. 

in.  THE  CHABACTEB  OF  HABIT  BEHAVIOR  SEGMENTS 

According  to  the  typical  description  of  habit  reactions,  they  are 
in  terms  of  behavior  segments,  simple  final  responses  to  stimuli; 
in  fact  they  are  discussed  much  in  the  fashion  of  reflexes,  excep- 
ting of  course  that  the  former  are  always  assumed  to  be  acquired. 
Just  why  habit  actions  should  be  aligned  with  reflexes  is  f  oimd  in 
the  traditional  psychological  belief  that  habit  actions  when  ac- 
quired involve  few  or  no  mental  factors  but  are  the  operation  of 
various  organizations  of  muscular  apparatus.  Connected  with 
this  belief  and  possibly  as  a  result  of  it  the  view  has  flourished  that 
habits  are  exclusively  manual  actions  of  various  sorts.  In  con- 
sequence, psychologists  following  James  undertook  at  one  stroke 
to  describe  and  account  for  habits  in  terms  of  neiu^al  connections 
much  as  they  did  in  the  case  of  reflexes,  with  this  difference,  of 
course,  that  in  the  case  of  habits  the  neural  connections  were  pre- 
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smned  to  be  located  in  the  so-called  higher  and  lower  centers  of 
the  brain  instead  of  in  the  spinal  cord.  Now  we  on  the  contrary 
unhesitatingly  believe  that  such  a  method  of  describing  habit 
action  is  contrary  to  the  actual  facts,  resulting  as  it  does  in  an 
unwarranted  abridgment  of  the  classes  of  habits,  and  worse,  it 
leads  to  an  inadequate  description  of  any  type  of  individual  habit 
act.  Accordingly,  we  propose  in  the  present  section  to  examine 
the  typical  habit  behavior  segments  in  their  response  phases,  re- 
serving for  a  later  section  the  study  of  the  stimuli  factors. 

When  we  examine  a  habit  behavior  segment  it  goes  without 
sa3ring  that  whatever  we  may  mean  by  conscious  or  mental  fac- 
tors they  cannot  be  lacking  in  habit  reactions  for  such  reactions 
are  very  definitely  differential  responses  to  specific  stimuli.  And 
this  differential  process  we  assume  to  cover  the  part  of  conscious- 
ness or  awareness.*  Moreover,  in  considering  the  details  of  be- 
havior segments  in  the  case  of  habits  on  the  response  side  they 
comprisie  a  great  variety  of  reaction  patterns  differing  in  mor- 
phological character  and  in  degree  of  complexity.  Now  since 
every  response  pattern  involves  both  precurrent  and  final  reaction 
systems  it  cannot  be  true  that  habits  are  exclusively  final  or  motor 
adjustments.  How  this  error  is  made  may  be  easilyaccounted 
for  by  the  fact  that  since  the  habit  behavior  segment  represents 
so  intricately  organized  a  response  to  a  stimulus  the  precurrent 
phases  may  be  easily  overlooked.  Certain  it  is,  nevertheless,  that 
habit  responses  may  and  frequently  do  involve  the  operation  of  a 
very  elaborate  pattern  of  precurrent  activities  before  the  final 
response  occurs.  Possibly  this  situation  is  very  well  illustrated 
by  language  activities  in  which  the  unit  of  response  is  a  pattern 
(sentence)  of  which  the  last  element  (word)  only  may  be  con- 
sidered as  the  final  response. 

Credence  is  lent  the  view  that  habit  actions  are  simple  final 
responses  by  the  fact  that  the  precurrent  attention  reaction  is 
functionally  very  simple.  Instead  of  being  a  definite  autono- 
mous reaction  system  as  is  the  case  in  volitional  or  voluntary 

*  Conceming  this  point  and  the  discussion  of  the  behavior  segment  and  its 
partial  phases,  see  Kantor,  A  Tentative  Analysis  of  the  Primary  Data  of  Psy- 
chology, Jour,  of  Philos.,  1921, 18, 253  ff . 
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actions,  in  habits  the  reaction  system  is  much  abbreviated  mor- 
phologically and  slighter  functionally.  All  this  is  to  be  expected 
in  a  behavior  segment  in  which  the  whole  response  factor  is  very 
definitely  integrated  with  the  stimulating  conditions.  Fimction- 
ally  speaking  the  attention  factor  in  a  habit  segment  operates,  in 
the  overt  reactions  at  least,  merely  to  bring  the  person  in  contact 
with  a  new  stimulus  mainly  by  a  shift  in  postural  attitude.  In 
the  larger  types  of  habit  action  the  attention  factor  is  of  a  more 
complex  sort  but  always  simpler  than  in  a  correspondingly  com- 
plex behavior  segment  of  another  type  of  psychological  activity. 
But  however  limited  the  attention  reaction  may  be  in  habits  it  is 
undeniably  present  and  adds  to  the  complexity  of  the  total  be- 
havior segment. 

What  is  true  of  the  attention  precurrent  reaction  is  equally 
true  of  the  perceptual  or  ideational  preciurent  reaction  systems. 
They  also  are  very  intimately  integrated  with  the  attention  fac- 
tor and  the  final  reaction  as  well  as  with  the  stimulus  object  or 
situation.  Because  of  this  integration  of  response  factors  with 
the  stimulus  any  very  deliberate  cognitive  action  appears  unes- 
sential, a  fact  which  has  lent  support  to  the  view  we  have  men- 
tioned, concerning  the  absence  of  mental  factors  in  habit  re- 
sponses. Patently,  the  presence  of  the  perceptual  and  ideational 
reaction  systems,  howsoever  fused  they  may  be  with  the  other 
members  of  the  response  pattern,  adds  to  the  intricacy  of  the 
habit  situation  precisely  as  the  inclusion  of  the  attention  factors. 

To  the  complexity  of  habit  behavior  segments  there  is  in  fact 
no  end.  Possibly  it  is  in  part  at  least  owing  to  this  intricacy  of 
habit  responses  that  psychological  literature  is  so  replete  with 
discussions  concerning  subconscious  phenomena.  For  it  is  in- 
dubitable that  habit  integrations  among  other  psychological 
phenomena,  make  it  possible  for  us  to  do  so  many  and  such  dif- 
ferent actions  without  any  apparent  interest  in  or  awareness  of 
those  actions  at  the  moment.  Is  it  not  such  activities  as  these 
that  we  characterize  as  subconscious  phenomena?  Clearly  such 
phenomena  are  no  more  mysterious  than  the  fact  that  the  person 
who  is  in  constant  or  frequent  contact  with  particular  complex 
stimuli  can  build  up  an  elaborate  equipment  of  habit  reactions, 
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which  becoming  organized  as  part  of  his  personality,  can  later 
operate  without  knowledge  or  direction  on  the  part  of  the  person. 

Possibly  we  can  make  the  most  striking  observations  of  the 
operation  of  a  person's  complex  habit  responses  when  his  behavior 
is  so  exaggerated  as  to  amount  almost  to  dissociation.  Then 
the  operation  of  habit  reactions  seems  truly  remarkable  upon  the 
siirface.  And  so  it  was  in  connection  with  abnormal  individuals 
that  the  doctrine  of  the  subconscious  was  primarily  developed 
and  most  extensively  fostered.  An  added  feature  that  made 
possible  the  interpretation  of  complex  habit  responses  as  some 
mysterious  ''subconscious"  was  that  such  responses  need  not 
necessarily  be  cognitively  acquired.  That  is  to  say,  we  may 
organize  these  complex  habits  without  in  the  least  knowing  at  the 
time  that  such  an  acquisitional  process  is  going  on. 

Not  our  purpose  is  it  now  to  attempt  to  establish  an  identical 
relationship  between  complex  habit  responses  and  what  may 
legitimately  be  called  subconscious  action,  for  in  the  first  place, 
such  a  direct  and  complete  identification  does  not  in  fact  exist, 
since  subconscious  behavior  involves  much  more  than  habits 
and  in  the  second  place,  we  have  another  aim.  We  are  rather 
interested  in  pointing  out  by  our  references  to  the  so-caUed  sub*- 
conscious  and  unconscious  activities  the  enormous  complexity 
attained  by  the  habit  behavior  segments,  and  may  we  mention 
again  that  the  inevitable  implication  of  this  complexity  is  that 
habit  responses  must  be  looked  upon  both  as  precurrent  and  as 
final  responses. 

IV.   A  COMPARATIVE    ANALYSIS  OF  A  HABIT   BEHAVIOR   SEGMENT 

No  better  analysis  can  be  made  of  a  generalized  habit  behavior 
segment  than  by  comparing  it  with  a  reflex  segment,  since  the 
simple  habits  of  a  manual  sort,  consisting  as  they  do  of  simple 
automatized  responses  greatly  resemble  the  reflexes. 

Outstanding  as  a  difference  between  reflexes  and  habits  is  the 
relative  prominence  of  the  response  and  the  stimuli  factors  in  the 
organization  and  operation  of  the  behavior  segments.  In  the 
case  of  reflexes  the  action  depends  almost  entirely  for  its  forma- 
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tion  and  operation  upon  the  biological  character  of  the  person. 
In  other  words,  reflexes  are  very  intimately  related  to  the  indi- 
vidual's organic  structure  and  functions.  The  emphasis  is  on  the 
organism's  adaptational  need,  but  these  needs  are  more  or  less 
independent  of  the  specific  surrounding  conditions.  As  a  corol- 
lary to  this  fact  of  the  dependence  of  reflexes  upon  organic  condi- 
tions we  find  that  the  reflex  segments  on  the  response  side  con- 
sist of  only  single  reaction  systems  and  never  patterns  of  response. 

Now  in  contrast  with  reflex  segments,  habit  acts  are  developed 
more  prominently  as  adjustments  to  definite  external  circtun- 
stances  and  in  consequence  the  responses  are  more  conditioned  in 
their  genesis  by  the  needs  and  exigencies  of  the  stimulating  sur- 
roundings. When  we  assert  that  habit  responses  depend  more 
definitely  upon  external  conditions  we  mean  to  confine  our  state- 
ment to  the  narrow  limits  of  the  immediate  stimulus-response 
situation.  For  it  is  clear  that  the  auspices  of  any  behavior  de- 
velopment must  include  many  elements  which  are  not  specificaUy 
stimulus  conditions,  such  as  organic  or  more  remote  economic 
conditions,  etc.,  all  of  which  intimately  concern  the  individuid 
irrespective  of  what  his  surroundings  may  be.  To  take  a  con- 
crete example,  the  acquisition  of  typewriting  skill  responses  may 
be  originally  and  primarily  induced  by  economic  pressure  and 
certainly  not  by  the  machine,  but  note  that  the  specific  reaction 
S3rstems  are  intimately  determined  by  and  bound  up  with  the 
copy  and  machine  stimuli.  In  plainer  words,  habit  behavior 
depends  more  upon  the  stimuli  conditions  than  upon  the  structure 
of  the  person,  although  the  latter  element  must  always  be  an 
esBential  factor  in  the  formation  and  operation  of  all  behavior. 
This  fact,  by  the  way,  is  only  slightly  less  true  of  thought 
habits  than  of  comparatively  simple  skill  reactions. 

But  just  because  habit  responses  depend  more  for  their  de- 
velopment and  operation  upon  stimulating  situations  they  are 
more  complex  and  involve  more  than  one  reaction  system.  And 
these  many  reaction  systems  are  naturally  precurrent  attention 
and  cognition  reactions. 

In  point  of  fact  and  in  complete  consonance  with  our  analysis 
in  the  preceding  section  we  may  locate  the  salient  features  of 
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habit  responses  in  the  precnrrent  reaction  systems  which  we  may 
call  the  cognitive  factors.  According  to  our  view  the  sole  cogni- 
tive fact  in  a  reflex  lies  in  th6  differential  character  of  the  simple 
reaction  sjrstem  constituting  the  entire  response  phase  of  a  reflex 
behavior  segment.  Now  this  of  course  is  the  simplest  type  of 
cognitive  phenomenon  in  the  entire  domain  of  psychological 
facts.  Now  in  the  case  of  habits  a  much  more  compHcated 
cognitive  situation  is  present;  here  the  cognitive  factor  is  repre- 
sented by  the  operation  of  a  definitely  morphologically  autono- 
mous reaction  system^  the  fimction  of  which  appears  to  be  to 
mediate  between  some  specific  stimulus  and  some  particular  final 
reaction.  This  cognitive  precurrent  reaction  system  may  be 
merely  a  perceptual  reaction  or  it  may  be  an  implicit  meaning 
reaction.  The  former  kind  would  be  found  in  the  simpler  habit 
segments  while  the  latter  may  be  the  precurrent  components  of 
the  more  complex  habits. 

Our  hypothesis  that  habit  acts  are  primarily  integrations  of 
responses  with  stimuli  suggests  that  the  precurrent  cognitive  re- 
action systems  of  the  habit  segment  are  perceptions  or  meanings 
directed  only  toward  the  stimulating  objects  or  circumstances 
which  do  not  anticipate  the  final  action  which  follows  or  the  re- 
sults or  consequence  of  the  response,  although  of  course  the  pre- 
current reaction  is  always  in  some  way  connected  with  a  final 
response.  Let  us  observe  that  the  question  whether  there  is  or 
is  not  a  precurrent  reaction  system  in  the  behavior  segment  and 
the  problem  as  to  whether  the  precurrent  responses  refer  to  the 
stimulus  or  the  act  or  both,  give  us  the  varying  degrees  of  cogni- 
tion. When  the  organism  has  the  precurrent  reaction  system 
integrated  very  closely  with  the  stimulus,  as  is  the  case  in  habit, 
then  we  have  a  comparatively  simple  cognition  involved.  What 
we  have  here  is  a  process  of  double  association  or  integration;  on 
the  one  hand,  there  is  the  integration  of  the  precurrent  reaction 
with  the  stimulus  and  on  the  other  just  as  definite  an  integration 
of  the  same  precurrent  reaction  with  the  final  reaction.  For  in- 
stance, the  stimulus  for  the  typist  is  his  copy,  his  perception  of 
the  words  before  him  the  precurrent  reaction,  which  directed 
only  toward  the  stimulus  is,  however,  intimately  integrated 
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with  the  final  reaction,  or  the  striking  of  the  typewriter  key  in 
our  illustration. 

In  behavior  which  is  more  complex  than  habit  reactions  the 
integration  of  precurrent  reaction  and  stimulus  is  not  so  binding 
and  the  connection  between  precurrent  and  final  may  be  such 
that  the  person  may  also  perceive  the  final  act;  then  the  precur- 
rent act  may  be  called  preparatory.  In  such  a  case  the  activity 
is  described  as  containing  or  involving  much  more  or  higher 
awareness.  When  the  precurrent  reactions  are  relatively  free 
in  the  behavior  segment  and  this  would  almost  inevitably  mean 
that  it  is  an  ideational  process,  free,  that  is  in  the  sense  that  the 
person  can  anticipate  the  final  act  and  look  forward  to  it  and 
modify  it,  then  we  have  what  is  almost  the  complete  antithesis 
to  a  habit  response.  This  would  be  true  even  if  there  be  no  con- 
trol or  modification  of  the  final  act  but  merely  its  anticipation  or 
possibly  a  silent  self-remark  about  it,  a  questioning  whether  it 
should  be  done  or  how.  This  complex  type  of  behavior  appears 
all  the  more  antithetical  to  habits  when  we  observe  that  in  many 
cases  of  habit  segments  the  precurrent  or  preparatory  reaction 
may  be  a  single  overt  response;'  for  in  such  a  case  we  will  find 
that  the  segment  includes  the  least  awareness,  excepting  such 
segments  which  contain  only  a  single  reaction  system,  that  is 
to  say,  no  precxurrent  or  preparatory  act.  In  a  genuine  sense, 
therefore,  habit  responses  are  actions  standing  midway  between 
the  reflex  type  of  action  and  the  various  orders  of  volitional 
response. 

V.   THE  STIMULI  IN  EtABIT  REACTIONS 

Because  habits  cover  such  a  large  range  of  our  behavior  equip- 
ment and  because  they  are  specific  integrations  of  responses  with 
stimuli  we  will  find  that  as  a  record  of  fact  the  stimuli  phases  in- 
clude a  large  block  of  our  surrounding  objects  and  conditions. 
Among  these  multitudinous  stimuli  we  must  include  persons, 
things  of  all  sorts,  as  well  as  actions  and  institutions,  besides 
physical,  social  and  cultural  conditions  of  every  description. 

*  For  a  brief  account  of  the  various  types  of  meaning  responses,  see  Kantor, 
An  Objective  Interpretation  of  Meanings,  Am.  Jour,  of  Psychol.,  1921, 32, 321. 
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Naturally,  habit  responses  to  physical  things  constitute  a  large 
part  of  our  simpler  automatized  responses  and  there  is  a  definite 
correlation  between  the  increasing  complexity  of  such  physical 
objects  and  the  complexity  of  the  habit  reactions  that  are  inte- 
grated with  them.  For  instance,  the  habit  responses  built  up  in 
contact  with  an  automobile  or  more  complex  mechanical  object 
are  indefinitely  more  complicated  than  the  habits  organized 
through  contact  with  simpler  physical  things.  And  we  acquire 
through  various  combinations  of  stimuli  our  complex  skill  habits 
which  we  will  later  call  achievements  and  accomplishments. 
To  play  the  piano  we  must  integrate  responses  of  musical  in- 
formation and  piano  key  manipulations  with  the  music  and 
piano  stimuli.  Similarly,  in  typewriting  the  integration  process 
involves  the  organization  of  movements  responsive  both  to  the 
machine  and  to  the  copy. 

Exceedingly  prominent  as  stimuli  for  habit  responses  are  ac- 
tions of  the  person  himself  and  of  others.  As  such  the  actions  of 
the  individual  may  be  divided  into  two  classes;  the  first  being  the 
organic  reflexes  of  various  sorts  which  directly  and  exclusively 
stimulate  various  simple  autonomic  habit  responses  as  well  as 
serve  in  the  capacity  of  auxiliary  stimuli  to  the  person's  acquisi- 
tion of  complex  habits  of  thought  and  feeling.  Illustrative  of  the 
simple  habit  reactions  integrated  with  organic  actions  are  the 
mannerisms  of  walking,  facial  gesturing,  bodily  carriage,  mode  of 
hand  shaking,  and  speech  mannerisms.  Among  the  individual's 
more  complex  habit  responses  those  partially  integrated  with 
organic  actions  are  such  as  traits  of  thought  and  feeling,  particu- 
larly characterizing  one's  outlook  upon  fife,  as  pessimistic,  opti- 
mistic, melancholy,  etc.  In  the  second  class  of  actions  stimula- 
ting habit  responses  we  may  place  all  the  other  responses,  overt 
muscular  acts,  speech  responses  or  implicit  behavior,  any  one  of 
which  may  be  intimately  connected  with  some  other  action  as  its 
response.  Dotibtless  the  best  examples  of  the  operation  of  re- 
sponses as  stimuli  to  habits  will  be  found  in  the  various  combina- 
tions of  our  language  habit  reactions. 

Besides  simple  and  complex  objects  of  various  sorts,  events  and 
conditions  induce  us  to  acquire  many  habit  acts  which  on  the 
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whole  are  not  only  more  complex  than  the  habits  stimulated  by 
objects  but  are  also  somewhat  more  indefinite  and  general  in 
organization.  Consider  the  difference  between  an  automatized 
manual  act  and  a  response  of  verbal  or  general  gesture  of  social 
politeness. 

Complex  events  and  institutions  such  as  economic  conditions 
and  political  happenings  constitute  a  common  variety  of  habit 
stimuli  and  of  course  the  habit  acts  integrated  with  such  stimuli 
may  be  expected  to  be  very  intricate.  Here  our  habit  reactions 
partake  a  good  deal  of  social  custom,  that  is  acts  determined  by 
social  usage  and  convention.  Because  the  stimuli  in  the  present 
class  are  more  indefinite  in  their  description  and  appear  extremely 
vague  we  may  be  pardoned  the  impression  that  at  least  some 
habits  are  general  forms  of  reaction  and  not  specific  response 
types.  The  more  we  consider  the  specific  fact  of  integration  as 
the  principle  of  habit  behavior,  however,  the  less  plausible  appears 
this  surface  impression  concerning  the  generality  of  habits. 

Very  incomplete  would  be  our  attempt  to  mention  some  of  the 
outstanding  forms  of  our  habit  stimuli  if  we  left  out  of  our 
enimieration  the  personal  ideab  and  other  individualistic  institu- 
tions which  are  integrated  with  definite  complex  social,  economic 
and  aesthetic  habit  responses.  Possibly  the  least  ambiguous 
illustrations  of  such  stimuli  can  be  found  in  the  domain  of  our 
habitual  moral  and  aesthetic  conduct,  which  if  examined  care- 
fully we  find  to  be  definitely  integrated  with  personal  stimuli, 
whether  operating  alone  or  in  conjunction  with  other  stimuli 
forms. 

The  intricate  organization  found  among  our  stimuU  situations 
offers  us  considerable  insight  into  the  complexity  of  some  of  our 
habit  responses.  To  take  for  instance  the  various  physical  and 
social  objects  and  conditions  affecting  such  a  pervasive  and  com- 
mon action  as  our  conduct  at  the  dinner  table.  The  specific 
phases  of  our  dining  behavior  are  connected  not  only  with  the 
food,  service,  and  other  persons  dining,  but  also  with  social, 
moral  and  economic  customs  and  conventions  in  confusing  array. 
Manifestly  is  the  situation  magnified  and  intensified  when  we 
consider  those  Stimuli  integrated  with  still  more  complex  actions 
than  eating. 
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Besides  the  connection  of  habits  with  many  stimuli  objects  and 
conditions,  habit  responses  are  also  very  closely  linked  up  with 
the  settings  of  stimuli.  Particularly  noticeable  is  this  fact  in 
connection  with  social  habit  responses.  In  such  activities  the 
person's  actions,  though  operating  very  directly  through  the  in- 
fluence of  their  integrated  stimuli,  do  not  render  him  insensitive  to 
change  in  the  specific  stimuli  settings  among  which  the  reactions 
take  place.  By  the  stimuH  settings  we  mean  to  refer  of  course 
to  objects,  persons,  moral,  social  and  esthetic  circumstances;  in 
fact,  everjrthing  that  is  or  can  be  a  stimulus  can  also  be  the  setting 
or  background  for  a  stimulus.  When  we  consider  the  infinite 
possibilities  of  combination  of  stimuli  and  settings  we  achieve 
much  information  concerning  the  correlational  facts  which  may 
or  may  not  be  considered  as  causes  for  the  enormously  intricate 
habitual  equipment  of  a  highly  organized  personality. 

VI.  TYPES  OF  HABIT  RESPONSES 

If  habit  behavior  is  primarily  characterized  by  the  fact  that  it 
consists  of  responses  very  closely  integrated  with  stimuli  it 
follows  then  that  because  of  the  great  variety  of  stimuli  with 
which  we  are  in  contact  the  niunber  of  different  classes  of  habit 
reactions  will  be  very  large.  As  opposed  to  the  psychological 
tradition  to  which  we  have  referred,  namely,  that  habit  reactions 
consist  only  of  the  comparatively  simple  overt  acts,  exemplified 
by  swimming,  walking  or  typewriting,  we  propose  the  hypothesis 
that  our  habit  reactions  comprise  acts  of  the  most  diverse  classes 
and  individual  description,  acts  which  are  stimulated  by  the  most 
divergent  forms  of  objects  and  conditions.  An  investigation  of 
our  behavior  equipment  reveals  immediately  that  we  have  habits 
of  feeling  and  of  thought  as  well  as  of  motor  skill.  Furthermore, 
be  it  observed  that  the  terms  motor  skill,  thought  and  feeling 
are  conventional  rubrics  based  upon  the  traditional  conception  of 
the  tripartite  division  of  what  was  presumed  to  be  the  subject 
matter  of  psychology,  namely,  consciousness.  What  we  are  eager 
to  point  out  here,  therefore,  is  that  a  valid  appreciation  of  the 
actual  types  and  descriptions  of  our  habit  equipment  must  be 
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based  upon  an  acutal  study  of  our  responses.  This  means  to  say 
that  to  seek  for  the  concrete  reactions  in  our  behavior  equipment 
representing  close  and  specific  integration  of  stimuli  and  responses 
would  reveal  a  large  catalogue  of  habit  types.  Indeed  it  is 
to  a  large  extent  true  that  our  complex  habit  responses  consti- 
tute a  good  portion  of  the  behavior  equipment  of  our  mature 
personalities. 

Unfortunately  for  the  student  who  desires  to  classify  habit 
responses,  the  fact  just  mentioned,  namely,  that  habits  are  per- 
vasive and  common  forms  of  our  behavior  equipment,  and  that 
they  are  specific  forms  of  adaptational  adjustments,  provides 
almost  insurmoimtable  difficulties.  How  can  we  bring  order  into 
such  a  host  of  divergent  behavior  data?  That  such  an  arrange- 
ment can  only  be  accomplished  by  ulitizing  a  series  of  different 
criteria  is  almost  obvious,  and  so  whatever  organization  is  made 
of  the  habit  facts  will  have  to  be  made  at  the  expense  of  a  rigid 
logical  scheme.  As  a  matter  of  fact,  our  classification  will  be 
made  on  the  basis  partly  of  the  stimulating  situation  and  partly 
on  the  morphologic  organization  of  the  responses,  and  partly 
upon  the  place  the  responses  take  in  the  behavior  equipment  of 
the  individual,  although,  because  of  an  obvious  expediency,  the 
most  striking  and  comprehensive  basis  of  organization  will  be  of 
course  the  stimuli  situations  forming  parts  of  the  habit  behavior 
segments.  Again,  we  must  note  that  the  names  we  employ  for 
the  classification  of  our  habit  responses  should  not  be  taken  as  in 
any  sense  exclusively  belonging  to  the  habit  reactions.  That  is  to 
say,  when  we  mention  sentiment  as  an  example  of  feeling  habit 
we  must  immediately  point  out  that  the  name  sentiment  does  not 
refer  exclusively  to  habit  actions  but  may  be  just  as  appropriately 
applied  to  numerous  other  forms  of  responses.  Especially  must 
we  guard  against  the  uncritical  acceptance  of  a  popular  con- 
ventional term  as  a  substitute  for  an  analytical  psychological 
category. 

But  if  we  attempt  to  classify  habit  responses  upon  the  stimulus 
basis  we  must  almost  inevitably  duplicate  the  discussion  of  the 
preceding  section,  inevitably  because  of  the  extreme  integration 
of  stimuli  and  responses  in  habit  segments  and  because  the 
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enumeration  and  description  of  habit  responses  can  frequently 
be  made  only  in  terms  of  the  stimuli  auspices  under  which  they 
occmr.  However  unsatisfactory  our  classifactory  procedure  may 
be  we  have  no  option  but  to  proceed  in  this  manner  and  for  our 
present  purposes  we  may  adopt  a  three  fold  classification  of 
stimuli,  dividing  them  into  our  (1)  physical  surroundings,  (2) 
social  surroundings  and  (3)  personal  stimuli,  namely,  personally 
formulated  ideals  and  other  institutions.  Such  a  division  must 
appear  extremely  inadequate  and  arbitrary,  but  since  in  the  pres- 
ent section  we  are  primarily  interested  in  the  responses  such  a 
classification  will  appeal  to  us  only  and  precisely  in  the  measure 
in  which  it  is  found  useful  for  our  immediate  purposes. 

U  Habits  integrated  with  physical  or  naiural  stimvli 

Here  we  may  illustrate  our  point  with  a  series  of  sample  acts 
as  follows. 

a.  Among  the  simplest  habit  responses  in  this  class  are  the  so- 
called  manual  acts  exclusively  denominated  habit  by  the  older 
psychologists.  The  examples  usually  given  are  the  swimming 
acts,  telegraphy,  dancing  reactions,  typewriting,  walking,  writ- 
ing, and  other  overt  formal  responses  of  a  practically  mechanical 
sort.  In  general  we  may  add  to  this  classification  nimierous 
other  abilities  of  the  person  consisting  of  specific  reaction  sys- 
tems, which,  being  so  integrated  with  a  particular  physical 
stimulus,  operate  immediately  when  that  stimulus  appears. 
Here  we  may  name  the  components  of  such  reactions  as  cooking, 
and  craftsmanship  of  various  sorts. 

6.  Prominent  among  habit  responses  integrated  with  physical 
or  natural  stimuli  are  the  aversions  and  preferences  which  give  so 
marked  a  character  to  our  personality.  We  might  mention  here 
the  aversions  toward  the  objects  or  persons  of  certain  qualtities, 
sizes,  and  shapes  toward  animals  of  various  morphological  de- 
scriptions or  hannfulness,  and  the  preferences  we  acquire  toward 
objects,  persons  and  conditions.  Also,  we  might  include  here 
various  likes  and  dislikes  which  of  course  are  generally  more  com- 
plex responses  to  things  and  persons  than  mere  preferences. 
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From  the  morphological  standpoint  the  responses  imder  this 
division  may  be  considered  as  involving  more  the  feeling  qualities 
of  tastes  than  the  effective  attributes  of  skill  responses. 

c.  Another  series  of  habit  responses  integrated  with  physical 
and  natural  stimuli  we  may  refer  to  as  capacities  of  many  sorts, 
adding,  multiplying,  distance  judging,  and  accomplishments  such 
as  reactions  of  painting,  drawing,  and  the  manipulation  of  musical 
instruments.  Our  criterion  for  differentiating  these  behavior 
segments  from  more  complex  ones  in  class  (a)  is  the  greater  in- 
definiteness  of  the  habits  now  under  discussion,  the  greater  dif- 
ficulty in  formulating  a  morphological  description  of  them  and 
the  generally  more  important  function  they  perform  in  the 
daily  activities  of  the  person. 

d.  Probably  the  most  striking  if  not  the  most  familiar  of  our 
behavior  to  physical  and  natural  stimuU  are  our  various  atti- 
tudes toward  and  beliefs  about  them.  More  or  less  intangible 
and  indefinite  are  the  attitudes  towards  the  relationships  of 
things  themselves.  Such  habits  of  thought  and  opinion  may 
very  frequently  be  most  appropriately  named  superstitions. 
But  this  does  not  exclude  the  presence  in  the  individual's  be- 
havior equipment  of  numerous  other  attitudinal  tjrpes.  The 
main  point  here  is  that  the  stimuli  mentioned  are  the  immediate 
incentives  for  the  arousal  of  informational,  economic,  social  and 
aesthetic  responses,  responses  which  in  many  cases  precede  or 
are  accompanied  by  overt  acts.  When  this  happens  the  mechan- 
ism appears  to  be  this,  namely  that  the  habit  responses,  or 
the  habit  responses  coupled  with  their  appropriate  stimuli,  serve 
together  as  the  stimuli  for  the  accompanying  or  correlated  overt 
responses.  For  some  individuals  the  appearance  of  Ughtning 
is  the  stimulus  for  some  superstitious  notion  which  in  txun  be- 
comes the  stimulus  for  the  performance  of  some  rite  if  it  be  only 
the  seeking  of  seclusion  and  shelter. 

g.  Habits  integrated  mth  social  and  intellectual  stimuli 

a.  Many  of  our  habit  responses  to  social  stimuli  are  of  the  same 
morphological  character  as  those  responsive  to  physical  stimuli. 
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We  need  only  suggest  some  concrete  examples.  When  we  speak 
of  an  individual  as  having  industrious  habits  we  must  plainly  in- 
clude in  such  a  statement  direct  overt  acts.  Similarly,  to  speak 
of  a  careful  speaker  means  to  pass  judgment  upon  the  person's 
direct  overt  language  responses.  Why  it  is  that  we  have  identical 
habit  responses  integrated  with  both  physical  and  social  stimuli 
is  transparent  when  we  recall  that  the  same  physical  objects  can 
serve  as  physical  and  social  stimuU. 

b.  While  it  is  obviously  true  that  overt  habit  responses  of  the 
sort  usually  described  as  motor  reactions  may  be  connected  with 
social  as  well  as  with  physical  stimuli,  still  it  is  clear  that  for  the 
most  part  habit  responses  to  social  stimuli  will  be  of  a  less  direct 
and  overt  type.  Many  types  of  social  habit  responses  there  are 
which  because  of  their  unfocused  character  and  extension  in  time 
are  usually  thought  of  not  as  adaptation  acts  but  as  qualities  of 
the  person.  To  illustrate,  we  believe  that  an  act  of  politeness 
involves  a  pattern  of  habit  reaction  in  precisely  the  same  sense 
as  a  typewriting  act  but  because  of  the  general  character  of  the 
social  situation  we  usually  fail  to  note  the  unitary  character  of 
the  response  pattern.  Of  a  certainty  when  we  locate  the  polite- 
ness habit  in  the  specific  act  of  tipping  the  hat  or  in  bowing  we 
have  a  case  of  social  habit  which  is  in  no  wise  different  from  the 
overt  habit  response  to  physical  stimuli,  but  we  would  indeed 
find  it  unprofitable  so  to  restrict  the  politeness  behavior  segment. 
We  conclude,  then,  that  the  classification  of  social  habit  responses 
must  comprise  less  tangible  responses  of  a  definitely  adaptive 
sort  than  those  we  find  in  the  overt  reactions.  Now  although  we 
cannot  give  specific  detailed  account  of  the  social  habit  responses 
we  may  in  lieu  of  such  definite  description  refer  to  some  of  the 
categories  which  our  language  has  developed  for  suggestions  con- 
cerning some  of  the  social  habit  reactions,  and  perhaps  also  for 
some  insight  into  the  nature  of  the  latter.  Let  us  specify  as 
social  habit  behavior  social  mannerisms,  poUteness,  sincerity, 
suavity,  encouraging,  deprecatory,  appreciatory,  dissenting,  dis- 
sembling, mercenary,  artistic,  efficient,  exact,  conforming  reac- 
tions, etc.  Without  attempting  to  specify  precise  stimuli  for 
each  case,  the  categories  of  which  would  be  of  infinite  length, 
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we  might  point  out  that  a  diflferentiation  of  the  members  of  this 
class  of  habits  could  be  miade  by  considering  that  the  stimuli 
include  things,  persons,  institutions  and  conditions  of  every 
variety.  EflBiciency  and  industry  habits  would  be  responses  to 
physical-social  stimuli;  mercenary  and  exact  habits  would  prob- 
ably correlate  with  social  conditions  or  stimuli,  while  sincerity 
and  suavity  responses  correspond  to  persons  as  stimuli. 

c.  Both  interesting  and  important  are  the  numerous  habit 
responses,  which  because  of  their  particular  morphologic  organi- 
zation, we  may  call  feeling  actions.  In  this  class  we  may  place 
sentiments,  faith,  reverence,  awe,  prayer  and  mystic  exaltation 
reactions  to  what  we  might  call  religious  stimuli,  conditions  and 
situations.  Also,  among  these  feeling  habits  we  may  place  love 
reactions  toward  persons,  and  appreciative  responses  to  art  ob- 
jects and  aesthetic  works  of  nature.  Easily  recognized  are  the 
feeling  habits  of  depression  and  incipient  melancholia  which  we 
acquire  as  responses  to  social  stimuli  of  various  sorts  and  to  some 
sorts  of  physical  stimuli  also.  Faith  habits  need  not  be  con- 
nected merely  with  supernatural  things  or  conditions  represented 
by  words  or  other  institutions,  but  we  develop  faith  reactions  to 
our  capacities  and  success  in  life,  or  acquire  faith  in  other  persons 
and  in  social  institutions.  When  we  consider  such  habit  re- 
sponses as  sentiments  we  are  more  than  ever  convinced  of  the 
large  series  of  specific  stimulating  situations  to  which  we  respond 
with  complex  feeling  habits;  for  we  make  sentiment  responses  to 
all  kinds  of  political,  moral,  economic,  religious  and  aesthetic 
situations.  It  will  not  be  superfluous  to  mention  again  that  our 
criterion  in  this  class  of  habit  responses  is  mainly  morphological, 
and  to  be  specific,  we  might  propose  the  hypothesis  that  these 
responses  involve  large  elements  of  glandular,  autonomic — ^ner- 
vous and  affective  factors  irrespective  of  the  stimuli  with  which 
they  are  connected. 

d.  To  another  series  of  complex  social  reactions  we  may  give 
the  name  intellectual  habits.  To  the  intellectual  surroundings 
about  us  we  acquire  direct  and  inmiediate  modes  of  response. 
Morphologically  all  the  members  of  this  series  when  considered 
as  a  class  are  more  alike  than  imlike,  while  the  members  of  any 
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specific  one  of  the  types  differ  more  from  the  members  of  non- 
intellectual  habit  series  than  from  any  specific  type  of  the  intel- 
lectual series.  But  this  fact  of  morphological  likeness  between 
the  members  of  the  intellectual  habit  series  does  not  extend  at 
all  to  their  functional  character  for  in  their  operation  the  different 
members  are  unique.  To  illustrate  this  difference  we  propose 
to  call  these  habit  reactions,  attitudes,  opinions,  beUef s,  convic- 
tions and  intuitions. 

1.  By  intellectual  attitudes  we  mean  the  fairly  vague  cultural 
responses  to  intellectual  stimuli.  Workingmen  respond  habitu- 
ally to  problems  affecting  them  in  a  maimer  that  we  might  call  a 
worker's  standpoint.  Similarly  the  capitalist  is  habituated  to 
think  in  terms  of  the  increase  and  conservation  of  capital  and 
industrial  control.  Habits  are  very  directly  connected  with  the 
group  auspices  under  which  they  are  formed.  Thus  nationality, 
social  stratum,  profession,  clubs,  churches  and  in  fact  every 
group  connection  modifies  the  cultural  attitudes,  no  matter 
what  the  individual  starts  with.  Naturally  there  are  many 
factors  which  condition  this  modification  of  intellectual  attitudes, 
among  which  are  length  of  contact  with  the  present  person  or 
group,  besides  stability  and  authority  of  the  stimuli  in  the 
situation. 

2.  Opinions  as  intellectual  habits  are  specific  intellectual  at- 
titudes concerning  particular  facts  and  conditions  surrounding 
the  individual;  they  are  the  permanent  records  of  the  results 
achieved  from  the  specific  problems  a  person  has  faced  and  are 
genuine  products  of  the  interaction  of  an  individual  with  his 
informational  surroundings. 

3.  Intuitions  are  subtle  modes  of  intellectual  responses  which 
are  developed  within  the  boimdaries  of  a  given  field.  Individuals 
appear  to  have  capacity  to  perform  certain  intellectual  functions 
with  an  ease,  rapidity,  and  correctness  which  on  the  part  of 
others  requires  long  and  laborious  calculation  and  reasoning.  In 
the  popular  mind  women  are  especially  gifted  with  this  power, 
but  this  conclusion,  as  all  those  of  similar  origin,  is  unwarranted 
by  fact.  Intuition  is  an  every  day  capacity  possessed  by  all 
individuals  in  a  certain  degree.    Women  who  have  had  family 
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responsibilities  for  a  considerable  time  come  to  discern  with 
acuteness,  and  subtlety  the  conditions  affecting  the  home  group. 
They  habituate  themselves  so  efficiently  to  conditions  influencing 
the  family  and  its  interests  that  they  become  marvelously  adept 
in  observing  untoward  changes  in  it,  and  respond  immediately 
in  the  way  of  correcting  these  undesirable  conditions.  The  same 
situation  prevails  in  the  case  of  the  experienced  business  man 
who  seems  to  solve  his  problems  without  any  reasoning.  Here 
the  fact  is  the  same  as  in  the  preceding  case;  long  familiarity  with 
similar  conditions  engenders  a  capacity  to  short-cut  the  solution; 
the  usual  trial  and  error  factors  are  gradually  eliminated.  The 
individual  concerned  has  learned  precisely  how  and  where  to 
direct  his  attention  in  the  particular  case,  the  facts  in  the  situation 
need  not  be  elicited;  they  appear  directly  upon  the  surface.  In- 
tuition then  is  a  habit  of  solving  problems  of  all  sorts  no  matter 
what  they  are  specifically,  whether  practical  problems  of  every 
day  life  or  technical  problems  of  commerce,  industry,  law  or  what 
not.  Intuitive  modes  of  intellectual  activity  are  especially  com- 
mon in  mathematical  studies  and  the  consequence  of  this  sort  of 
integration  we  have  been  describing  is  that  the  mathematician 
solves  complex  problems  by  ostensibly  merely  glancing  at  them. 

4.  Belief  habits  are  very  similar  to  opinions  but  a  difference  can 
be  located  in  the  definiteness  with  which  the  person  is  in  contact 
with  the  informational  stimuli.  Belief  habits  are  actions  inte- 
grated with  stimuli  facts  to  which  the  individual  reacts  in  such  a 
way  that  the  facts  in  question  are  inadequately  known  or  ap- 
preciated by  the  acting  individual.  Possibly  it  is  true  also  that 
belief  habits  are  the  connecting  links  between  the  intellectual  and 
the  feeling  habits. 

5.  Convictions  are  definite  modes  of  intellectual  response  to- 
wards somewhat  less  specific  informational  stimuU  and  condi- 
tions and  are  more  deeply  rooted  in  the  behavior  equipment  of 
the  individual  tl^ji  are  opinions.  That  is  to  say,  a  greater  ele- 
ment of  social  convention  enters  into  the  process  of  building  up 
convictions  and  consequently  they  are  more  obviously  a  part  of 
our  intellectual  equipment  and  refer  to  more  prevalent  and  stable 
facts  and  conditions  in  our  cultural  milieu.    Also,  convictions 
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may  be  said  to  be  characterized  by  a  lesser  appreciation  on  the 
part  of  the  individual  as  to  the  conditions  which  led  up  to  their 
acquisition  than  is  the  case  with  opinions. 
.  Other  intellectual  habit  responses  might  be  isolated  and  in 
each  case  we  would  find  a  t}rpical  form  of  response  coupled  very 
intimately  with  some  sort  of  social  or  intellectual  stimulus  situa- 
tion. We  need  only  mention  impressions  of  all  sorts,  supersti- 
tions, prejudices,  and  conventional  views,  to  make  clear  that  the 
list  of  intellectual  habits  is  a  longer  one  than  we  have  intimated. 
Consider  the  infinite  possibilities  for  the  integration  of  habit 
responses  which  are  foimd  in  and  suggested  by  the  various  cul- 
tural and  social  institutions  about  us.  To  make  a  catalogue  of 
our  habit  equipment  we  would  have  to  point  out  the  responses 
induced  in  us  by  all  our  surroundings,  economic,  social,  national, 
reUgious,  poUtical  and  intellectual  institutions. 

5.  Habits  integrated  with  personal  stimvli 

Since  personal  stimuU  are  merely  social  institutions  of  various 
sorts  deliberately  modified  or  accepted  by  the  individual  we  shall 
expect  that  the  habit  reactions  to  such  stimuli  will  be  more  re- 
fined and  individual  responses  of  the  same  general  order  as  we 
have  just  discussed.  One  feature  above  all  stands  out  and 
characterizes  the  habits  integrated  with  personal  stimuli  and  this 
we  may  define  as  a  pecuUar  intimacy  of  response  in  any  particular 
case  and  a  definite  coloring  by  the  peculiar  behavior  equipment 
of  the  person. 

Among  the  prominent  habit  reactions  in  this  class  we  may 
mention  ideals  of  all  sorts,  moral,  social,  scientific,  aesthetic,  etc., 
ambitions,  strivings,  criticisms,  and  other  familiar  adjustments 
to  personal  stimuli.  We  should  not  expect  of  course  to  find  any 
degree  of  commonalty  between  the  personal  habit  equipment  of 
different  individuals. 

From  our  study  it  should  seem  strikingly  clear  that  such  a 
catalogue  of  habit  traits  or  characteristics  of  behavior  can  only  be 
very  fragmentary  and  schematic.  Any  enumeration  that  is  made 
must  very  obviously  be  merely  a  sample  of  any  person's  equip- 
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ment.  In  the  first  place,  it  is  impossible  thus  to  catalogue  all 
the  habits  that  are  acquired  by  various  individuals  since  the  list 
would  be  of  appaUing  length.  And  in  the  second  place,  no  signifi- 
cant catalogue  can  be  made  unless  it  is  taken  from  the  equipment 
of  specific  individuals.  Above  all  we  must  observe  that  the  names 
we  apply  to  the  habit  reactions  are  not  only  not  absolute  terms 
representing  a  single  form  of  habit,  but  as  we  have  already  indi- 
cated they  are  not  exclusively  the  names  of  habit  responses. 
They  may  just  as  easily  be  appUed  to  acts  which  do  not  answer 
to  the  particular  integration  characteristics  which  we  have  sug- 
gested as  the  particular  marks  of  habit  behavior  segments. 

VII.   HOW  HABIT  RESPONSES  ARE  ACQUIRED 

To  inquire  into  the  mechanism  of  the  acquisition  of  habit 
responses  means  to  investigate  the  conditions  under  which  they 
are  built  up.  Immediately  we  observe  that  two  sets  of  such 
conditions  must  be  attended  to,  since  habit  acts  as  we  have  re- 
peatedly stated  have  two  salient  features,  namely  the  stimuli 
situations  and  their  corresponding  responses.  Accordingly  we 
find  in  this  fact  a  natural  division  of  our  inquiry. 

a.  Response  conditions 

Under  this  rubric  we  may  discuss  the  conditions  of  habit 
formation  which  have  to  do  mainly  with  the  response  factors  of 
habit  behavior.  And  first  we  may  observe  that  we  can  point 
out  two  main  sources  for  the  development  of  the  habit  response 
systems. 

1.  The  development  of  new  reaction  systems.  The  organism 
has  at  any  period  in  its  career  a  definite  equipment  of  response 
systems  which  have  been  developed  upon  a  basis  of  previously 
acquired  ones.  Now  the  newer  organization,  or  perhaps  we 
should  say,  in  some  cases  at  least,  the  reorganization  of  response 
systems,  is  a  process  of  integrating  a  larger  action  system  by  the 
stimulation  of  some  given  stimulus  object  or  condition.  In  the 
final  analysis  these  habit  response  acquisitions  go  back  to  what 
we  may  call  basic  behavior,  that  is  to  say,  the  first  and  original 
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adaptive  responses  which  in  turn  are  integrated  from  simple 
responses  which  may  not  improperly  be  called  organic  responses 
and  original  action  properties  of  the  individual. 

2.  Another  and  equally  fruitful  way  of  developing  habit  re- 
sponse systems  is  by  conditioning  reactions  we  already  possess. 
This  process  is  very  similar  if  not  identical  with  that  of  condi- 
tioning reflexes  and  exemplifies  admirably  the  essential  feature  of 
habit  behavior,  namely  the  integration  of  responses  with  stimuli. 
Through  this  second  mode  of  habit  formation  are  built  up  the 
large  majority  of  social  habit  responses. 

b.  Stimuli  conditions 

In  some  cases  the  stimuli  may  correctly  be  said  to  be  respon- 
sible for  the  cultivation  or  establishment  of  the  habit  responses 
with  which  they  are  connected.  Among  the  stimuU  condition- 
ing habit  reactions  are  the  following. 

1.  Natural  objects  and  conditions.  Because  we  have  around 
us  physical  objects,  persons  of  particular  sorts  and  physical  con- 
ditions we  integrate  with  them  specific  modes  of  behavior.  To 
illustrate,  we  might  deem  it  almost  inevitable  that  we  must  build 
up  swinmiing  or  rowing  habits  when  we  live  near  a  river  or  other 
body  of  water  and  especially  if  we  must  frequently  cross  the 
stream.  Essentially  we  must  consider  habit  responses  as  adap- 
tive functions  and  when  the  natural  surroxmdings  dictate,  the 
appropriate  responses  will  be  acquired.  The  same  may  be  said 
about  the  acquisition  of  language  habit  reactions.  Language 
conditions  necessitate  the  building  up  of  particular  sorts  of  verbal 
and  speech  reactions. 

2.  A  common  and  well  known  stimulus  condition  for  the  ac- 
quisition of  habit  responses  are  the  functioning  of  the  person's 
own  organic  reflexes.  With  such  action  stimuli  are  integrated 
the  habit  responses  popularly  called  drug  and  drink  habits.  In 
these  phenomena  we  have  a  definitely  circular  process  in  that  we 
acquire  the  stimulus  as  a  habit  response.  The  ordinary  mecha- 
nism is  somewhat  as  follows.  Through  contact  with  liquors,  drugs 
and  other  objects  we  develop  organic  reflexes  of  all  varieties  which 
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may  be  considered  as  organized  into  definite  habit  responses. 
Because  these  responses  are  organic  reflexes  they  are  easily 
aroused  to  action.  But  in  the  course  of  their  organization  these 
organic  habits  have  become  integrated  with  various  overt  manual 
and  social  acts  which  have  become  in  a  genuine  way  responses 
to  the  organic  habits  as  stimuli;  so  that  now  when  the  organic 
reactions  are  functioning  they  serve  as  stimuU  to  call  out  the 
other  actions.  It  is  these  latter  which  we  are  calling  the  habits 
in  this  case,  although  the  phases  of  drug  habits  which  we  call 
the  coercive  and  distressing  features  may  appear  as  the  typical 
features  in  the  habit  situation.  These  types  of  habit  actions  are 
peculiar  among  all  the  habits  of  our  behavior  equipment  in  the 
fact  that  only  in  them  are  the  stimuli  in  any  way  increased  or 
modified. 

3.  For  the  formation  of  complex  social  habit  responses  a  defi- 
nite series  of  human  conditions  are  urgently  operative.  We 
need  mention  only  the  economic,  social  and  moral  pressures 
exerted  upon  us  by  our  surroxmding  conditions.  Frequently 
such  conditions  are  direct  adjustmental  stimuli  for  the  acquisi- 
tion of  habit  responses,  but  in  many  other  cases  these  economic, 
social  and  educational  conditions  serve  merely  as  auxiliary  stimuli. 
Consider  the  particular  thought  habits  of  a  person  who  is  defi- 
nitely an  adherent  of  a  certain  professional  or  other  vocational 
group.  How  differently  the  minister  appreciates  social  dicta 
and  how  much  more  sensitive  he  is  than  the  gambler  or  other 
person  who  profits  more  by  various  unconformities  to  group  pro- 
nouncements than  by  the  support  and  perpetuation  of  them. 
Also,  within  a  fairly  restricted  circle  we  can  observe  how  much 
more  stable  and  definite  are  scientific  facts  and  formulations  to 
the  teacher  of  them  or  the  practitioner  who  uses  them  than  to  the 
discoverer  and  the  investigator.  And  how  much  more  easily  the 
discoverer  is  induced  to  question  and  relinquish  what  are  consid- 
ered facts  than  the  physician  or  teacher. 

4.  Meriting  special  discussion  are  the  social  institutions  among 
which  we  all  Uve  and  which  almost  inevitably  and  imperiously 
compel  us  to  build  up  all  descriptions  of  social  habits.  By  social 
institutions  are  meant  customs,  conventions,  organizations,  and 
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actions  which  are  common  stimuli  for  the  behavior  of  the  various 
individuals  forming  the  groups  among  which  we  carry  on  our 
behavior.  Many  if  not  most  of  what  are  called  social  traits  con- 
sist of  the  social  habits  acqfuired  through  contact  with  institu- 
tional stimuli. 

5.  A  very  important  form  of  habit  responses  are  those  which 
we  are  practically  forced  to  acquire  as  responses  to  personal 
stimuli,  prominent  among  which  are  the  attitudes,  thoughts  and 
beliefs  of  other  persons  directed  toward  the  high  estimation  and 
the  furtherance  of  our  interests  and  advantages,  and  therefore 
we  are  forced  to  acquire  habits,  actions  and  thoughts  for  the 
preservation  and  progression  of  those  interests.  How  many 
such  habits  the  person  actually  acquires  it  is  almost  impossible  to 
estimate,  but  that  the  list  is  an  enormous  one  it  is  not  difficult  to 
convince  ourselves. 

In  this  connection  a  very  interesting  and  important  problem 
arises  with  respect  to  the  influence  our  intentions  have  upon  the 
acquisition  of  our  habit  behavior  equipment.  In  the  simple 
responses  to  natural  objects  it  is  clear  that  the  person's  intentions 
are  as  far  removed  from  the  acquisitional  situations  as  can  be. 
But  in  the  acquisition  of  our  complex  social  habit  responses  a 
far  different  condition  prevails.  In  the  more  complex  situations 
we  may  be  very  definitely  and  very  largely  conditioned  by  our 
choice  and  preference.  We  intentionally  build  up  habit  re- 
sponses of  all  sorts  to  suit  our  own  fancy  and  purposes  both  by 
our  interest  in  the  results  to  be  obtained  from  the  possession  of 
the  habit  and  our  interest  in  the  action  itself.  When  the  inten- 
tion of  the  individual  is  considered  in  connection  with  various 
stimulating  circumstances  we  may  properly  speak  of  the  motiva- 
tion operative  in  habit  formation.  For  by  motivation  we  mean 
the  process  of  weighing  and  evaluating  the  various  objects  and 
conditions  stimulating  us  to  action.  When  we  have  a  problem  of 
motivation  in  connection  with  habit  formation  we  may  properly 
say  then  that  we  are  considering  both  the  response  and  stimuli 
phases  of  the  habit  situation.  Tjrpical  of  intentional  habit  reac- 
tion acquisitions  are  the  mannerisms,  customs  and  accomplish- 
ments we  build  up  in  order  to  attain  to  a  certain  level  of  society 
or  to  gain  an  advantage  over  other  persons  or  groups. 
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c.  CambinaMon  stimuli  and  response  conditions 

A  great  many  of  our  habit  responses  are  acquired  through  the 
influence  of  both  stimuli  and  response  conditions  operating  at 
once,  but  contrary  to  our  other  two  cases  in  which  either  the 
stimuli  or  response  conditions  were  more  predominant  in  this 
case  the  two  conditions  are  equally  prominent.  Specifically 
these  twofold  influences  upon  our  processes  of  habit  formation 
may  be  considered  as  identical  with  the  general  conditions  of 
association,  commonly  referred  to  as  frequency  and  recency  of 
contact,  the  condition  of  the  organism  at  the  time,  etc. 

VIII.   MODIFICATION  OF  ACTION  THROUGH  THE  OPERATION 

OF  HABITS 

That  individuals  acquire  many  advantages  through  the  ac- 
quisition of  habits  is  a  familiar  fact  of  current  psychology,  and 
the  writer  is  encouraged  to  beUeve  that  the  integration  hypothe- 
sis of  habits  serves  better  to  accoimt  for  this  fact  of  modification 
than  any  statement  that  has  yet  been  proposed.  Let  us  recall 
briefly  what  are  these  advantages  accrued  from  habits.  It  has 
been  asserted,  and  quite  correctly  too,  that  habits  make  for 
specificity,  ease,  accuracy  and  speed  of  action.  Do  not  all  of 
these  advantages  follow  very  clearly  from  the  fact  of  integration? 
Furthermore,  because  habit  responses  are  so  definitely  and  in- 
separably connected  with  particular  stimuli  we  can  readily  see 
how  the  presence  of  many  habits  in  the  behavior  equipment  of  the 
person  would  mean  that  his  production  of  any  given  objects  per 
unit  of  time  would  be  greatly  increased  and  his  work  accom- 
plished with  a  miminum  of  fatigue. 

Now  all  of  the  above  advantages  refer  to  habit  actions  which  we 
may  call  fairly  simple  overt  responses  but  since  our  range  of 
habits  is  not  exclusively  confined  to  such  comparatively  simple 
responses  the  catalogue  of  advantages  would  apply  equally  to 
other  types  of  habits.  Especially  would  this  hold  true  for  acts 
involved  in  the  solution  of  shnpler  mathematical  problems,  the 
formation  of  judgments  in  various  fields  of  work,  and  other  forms 
of  action.    Obviously,  not  all  the  advantages  mentioned  apply  to 
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all  specific  types  of  habit  action  and  on  the  other  hand,  other 
advantages  to  the  organism  than  we  have  mentioned  might  be 
elicited. 

Turning  now  to  the  more  complex  forms  of  habit  responses  we 
might  say  of  them  that  they  adapt  the  person  in  his  larger  behav- 
ior setting,  and  by  the  latter  we  mean  the  social  situations  in 
which  the  person  finds  himself.  Our  point  is  that  the  more 
complex  habit  actions  such  as  talents,  information  and  techno- 
logical skill  may  operate  to  give  the  person  social  and  economic 
advantages  or  merely  to  increase  his  standing  in  the  estimation 
and  graces  of  his  contemporaries.  In  many  cases  the  advan- 
tages to  the  person  may  be  so  lacking  in  definite  adaptational 
value  that  we  can  not  say  more  than  that  the  person  is  a  better 
individual  than  he  would  have  been  without  the  particular  habit 
acquisitions  in  question.  In  the  latter  case,  we  may  more  prop- 
erly speak  of  the  superiorities  accruing  to  the  personality  rather 
than  any  advantages  of  adaptation  either  social  or  organic. 

It  remains  now  merely  to  point  out  that  while  any  habit  be- 
havior segment  when  considered  by  itself  operates  more  smoothly 
and  more  directly  than  a  non-integrated  segment  this  does  not 
necessarily  mean  that  the  habit  act  as  a  whole  will  redound  to 
the  advantage  of  the  person.  Very  frequently  it  is  the  case  that 
habit  actions  place  the  individual  at  a  great  disadvantage. 
Strikingly  appears  this  point  when  we  consider  such  habit  re- 
sponses as  tics,  choreic  movements  and  the  various  mannerisms 
that  are  disapproved  of  socially. 

IX.   SUMMARY 

Habit  responses  as  unique  action  components  of  the  person's 
behavior  equipment  we  find  to  be  definite  responses  of  the  indi- 
vidual to  specific  stimuli — objects  and  events.  The  principle 
pouit  then  about  habits  is  the  fact  of  the  close  integration  of  the 
stimulus  and  the  response.  If  this  view  be  correct  we  can  readily 
appreciate  why  it  is  that  habits  appear  to  be,  on  the  one  hand, 
general  capacities,  while  on  the  other,  they  seem  to  be  specific 
responses;  that  is  to  say,  the  term  habit  may  be  considered  as  a 
generic  symbol  for  responses  of  various  morphological  types. 
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But  after  all,  this  integrative  character  of  habits  accounts  for  the 
fact  that  each  distinct  habit  connection  comprises  some  specific 
form  of  response  and  some  particular  stimulus  or  condition. 

Since  the  process  of  integration  takes  place  at  all  levels  of  our 
action  there  appears  no  warrant  to  limit  habits  to  simple  overt 
responses.  Rather,  we  might  say  that  no  matter  whatthepartic- 
ular  reaction  is  it  may  be  inseparably  coimected  with  some  partic- 
ular stimulus.  Accordingly,  as  we  have  seen,  the  Ust  of  habits 
may  include  social  responses,  intellectual  and  feeling  activities 
as  well  as  simple  overt  reactions.  Emphatically,  this  does  not 
mean  that  the  term  habit  symbolizes  all  the  reactions  acquired 
by  the  individual. 

Again,  in  the  conception  of  habits  as  intrinsically  integration  of 
responses  with  stimuli  we  find  some  valuable  suggestions  for  the 
approach  to  the  problem  of  habit  formation.  As  long  as  psychol- 
ogists attempted  to  fimd  the  factors  for  habit  formation  exclusively 
in  the  physiological  organism  no  definite  progress  could  be 
made  in  the  solution  of  this  problem.  When  habits  are  consid- 
ered, however,  as  integrations  of  responses  and  stimuli  the  care- 
ful study  of  the  stimulating  auspices  of  the  individual  must  yield 
significant  and  serviceable  information  concerning  how  habits 
are  formed  or  acquired  and  how  they  operate  later.  Upon  such 
a  basis  may  we  not  entirely  dispense  with  the  peculiar  idea  which 
is  all  too  prevalent  that  we  can  learn  habits  with  the  cortex  and 
later  perform  the  reactions  with  the  so-called  lower  centers? 

In  this  integration  conception  of  habits  we  also  find  suggestions 
as  to  what  the  diflferences  are  between  habits  and  other  forms  of 
behavior  so  far  as  attention  and  cognition  are  concerned.  The 
matter  appears  to  be  as  follows.  Whereas  in  various  complex 
actions  the  attention  and  cognition  reaction  systems  are  autono- 
mous acts  preceding  the  final  response  which  gives  the  name  to 
the  behavior  segment,  in  the  case  of  habits  the  whole  action  phase 
of  the  segment  is  so  closely  integrated  with  the  stimulous  situa- 
tion that  the  preceding  attention  and  cognition  reactions  are 
muchly  syncopated  and  serve  no  very  elaborate  function.  Not 
the  least  significant  value  of  the  integration  conception  at  this 
point  is  the  intimation  of  what  psychologists  actually  mean  by 
the  increased  presence  or  absence  of  conscious  factors  in  behavior. 
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OTTO  ORTMANN 
From  the  Psychological  Laboratory  of  the  Peahody  Conservatory  of  Music 

The  sensorial  basis  of  the  appreciation  of  music  forms  a  logical 
and  at  the  same  time  adequate  and  necessary  basis  for  a  psy- 
chology of  musical  enjo}anent.  It  is  logical,  because  it  treats  of 
the  beginning  of  such  a  psychology,  fitting  it  into  its  place  in  the 
scheme  of  general  psychology;  adequate,  because  it  includes, 
without  exception,  all  the  raw  material  which  later  on  is  molded 
into  many  wonderful  and  intricate  reactions.  It  is  necessary  be- 
cause, without  it,  any  pyschology  soon  becomes  lost  in  the  laby- 
rinthine complexities  of  what  is  generally  understood  by  the 
expression,  "musical  enjoyment." 

An  analysis  of  the  sensorial  basis  of  musical  enjoyment  does 
not  answer  all  of  the  many  questions  that  are  thrust  upon  the 
investigator  of  this  interesting  field  at  every  point  and  from  every 
angle.  But  it  does  furnish  us  with  the  basic  facts  from  which 
these  answers  must  ultimately  be  derived.  It  is  true,  that  the 
path  leading  from  the  simple  tone-sensation  to  the  enormously 
complex  reaction,  experienced,  let  us  say,  when  the  Philadelphia 
Orchestra  under  Stokowski  plays  Wagner,  is  neither  direct  nor 
single.  Yet,  whatever  its  meanderings  and  ramificatipns,  it  is  a 
psychological  continuimi,  unbroken  by  any  of  the  popularly 
postulated  gulfs  of  mjrstery.  If  the  complex  reactions  to  music 
cannot  yet  be  explained,  this  failure  is  not  the  result  of  the  en- 
trance, at  some  point  or  another,  of  some  super-psychological 
forces,  but  the  result  of  our  inability  clearly  to  trace,  through- 
out its  length,  the  unbroken  chain  of  complex  neural  response. 

Sensation  forms  the  first  link  in  this  chain.  And  an  analysis  of 
the  attributes  of  sensation,  particularly  of  those  of  the  auditory 
field,  furnishes  a  satisfactory  starting  point. 
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It  is  obvious,  after  even  a  superficial  consideration,  that  the 
attributes  which  suffice  for  the  demands  of  ordinary  life  are  in- 
sufficient to  meet  the  demands  of  a  more  thorough  analysis.  I 
refer  particularly  to  such  a  term  as  "quality,"  which  has  long 
been  used  with  various,  in  some  instances,  contradictory  mean- 
ings. The  popular  classification  of  tonal  attributes  into  pitch, 
intensity,  duration,  and  quality,  I  shall  replace  by  one  which 
arrays  tiie  attributes,  as  far  as  this  is  possible,  according  to  their 
psychological  fundamentality  and  simplicity.  Thus  we  get  three 
types  of  attributes:  primary,  secondary,  and  tertiary.  Primary 
attributes  are  those  inherent  in  the  simple  sensation,  which  are 
xmanalysable;  secondary,  those  resulting  directly  from  a  com- 
bination of  the  primary  attributes;  and  tertiary,  those  borrowed 
or  derived  from  some  past  experience  in  the  same  sensory  field 
or  some  past  or  simultaneous  experience  in  some  other  sensory 
field.  Such  a  plan  separates  the  sensations  resulting  from  the 
auditory  stimulus  itself  from  those  read  into  it  by  the  complex  re- 
action of  consciousness — a  distinction  of  fundamental  importance. 

There  is  but  one  primary  attribute  of  auditory  sensation — ex- 
tensity.  Extensity  has  three  forms :  transtensity  (trans  «  across) 
or  the  projection  in  consciousness  of  the  spatial  dimension  parallel 
to  the  recipient  organism;  intensity  (in=  toward),  or  the  pro- 
jection in  consciousness  of  the  spatial  dimension  at  right  angles 
to  the  recipient  organism  and  protensity  (pro=  with),  or  the 
projection  in  consciousness  of  the  imi-dimension  of  time.  In  the 
auditory  field  transtensity  produces  the  sensation  of  pitch,  in- 
tensity that  of  loudness,  protensity  that  of  duration.  Such  a 
classification  accoimts  for  the  dimensions  of  the  external  world; 
and  since  sensation  is  our  immediate  and  sole  initial  reaction  to 
this  world,  the  attributes  of  sensation  enumerated  form  a  psycho- 
logical basis  sufficiently  comprehensive  to  include  all  possible 
variations  in  the  stimulus.  The  primacy  of  extensity  as  a  attri- 
bute is  proved  further  when  we  appeal  to  other  sense  departments; 
for  if  it  be  truly  a  primary  attribute  it  must  be  present  in  other 
sensory  fields  than  audition,  since  these,  like  audition,  are  but 
reactions  to  a  particular  range  of  stimulation  (vibration  rate) 
from  the  external  world.    Vision  and  kinaesthesis,  the  two  best 
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known  senses,  lend  themselves  readily  to  an  analysis  on  the  basis 
of  extensity,  for  m  both  senses  the  terms  length  and  breadth, 
intensity,  and  duration  convey  definite  meanings.  Here,  too, 
intensity  is  that  sensation  resulting  from  extensity  in  a  direction 
toward  the  body — ^a  fact  which  is  best  illustrated,  perhaps,  in 
the  field  of  kinaesthesis.  Smell  and  taste  lend  themselves  far 
less  readily  to  such  a  classification.  This,  however,  does  not 
argue  against  the  primacy  of  extensity,  since  we  know  so  little 
analytically  about  the  olfactory  and  gustatory  senses  that  it  is 
Inadvisable  to  cite  them  either  in  support  of  or  in  opposition  to 
a  theory.  The  treatment  of  pitch  as  extensity,  or  as  it  is  here 
called,  transtensity,  is  in  line  with  recent  physiological  theory 
(1,  2,  3,  4,  5).  Intensity  as  extensity  of  another  dimension  is  a 
far  less  frequently  met  concept  but  one  which  also  may  bebrought 
into  agreement  with  recent  theory  (6,  7,  8). 

The  primacy  of  protensity  is  obvious.  And  the  primacy  of 
each  of  the  three  forms  of  extensity  is  proved  by  the  fact  that  the 
elimination  of  any  one  of  the  three  attributes  destroys  the  entire 
sensation.  What  we  consider  intensity,  is,  in  reality,  an  exten- 
sity in  a  direction  toward  the  recipient  organism,  as  the  prefix 
"in"  suggests.  The  interposition  of  the  recipient  organ,  however, 
prevents  the  extensity  from  being  manifest  as  such.  Thus  if 
the  pressure  upon  an  imyielding  surface  be  increased  ,we  do  not 
get  motion  in  the  direction  of  the  pressure,  but  we  do  get  the 
result  of  it,  namely,  an  increase  of  force  or  intensity,  and  if  the 
interfering  surface  be  removed,  we  should  get  the  motion.  If, 
now,  the  recipient  surface  be  a  sensitive  organ,  this  increase  in 
force  gives  rise  to  that  attribute  of  sensation  known  as  intensity. 
If,  for  the  sake  of  illustration,  we  assume  a  nimiber  of  end-organs 
for  a  unit  of  area,  intensity  is  that  attribute  of  sensation  resulting 
from  the  degree  to  which  any  one  organ  is  affected,  and  transten- 
sity, that  attribute  resulting  from  the  extent  of  surface,  or  the 
niunber  of  end-organs  affected,  and  protensity  the  length  of  time 
the  end-organs  are  affected. 
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CHAKACTERISTICS  OF  THE  PBIMABT  6EJUES 

The  essential  characteristics  of  the  pitch  series  are:  uni-dimen- 
sionality,  continuity,  and  infinitude.  These  characteristics  are 
present  in  the  external  series  or  dimensions  which  give  rise  to 
the  sensations  of  pitch,  and  each  of  them  is  responsible  for  a 
number  of  immediate  judgments  of  pitch.  Thus  the  one- 
dimensionality  of  the  series  determines  the  position  of  any  point 
with  respect  to  all  other  points;  a  second  point  consequently,  can 
bear  but  one  pitch  relationship  to  a  first  point;  of  any  three  points, 
one  must  always  be  between  the  other  two;  a  point  is  determined 
either  through  its  own  character,  its  relation  to  some  other  known 
point,  or  its  relation  to  the  physiological  extremes  of  the  series. 
^The  continuity  of  the  pitch  series  demands  that  any  two  points 
may  not  be  separate  by  a  "something  else"  consisting  of  either 
a  few  or  many  discrete  points,  but  by  a  continuous  stretch  or  ex- 
tent of  series,  bounded  by  the  given  points.  The  continuity 
of  the  series  further  makes  any  periodicity,  such  as  that  resulting 
from  octave  relationship,  impossible.  We  find  no  such  periodic- 
ity in  the  external  dimension;  hence,  since  pitch  is  the  psycholog- 
ical projection  of  that  dimension,  we  cannot  admit  periodicity 
as  a  primary  attribute.  Points  are  associated  primarily  and 
essentially  according  to  their  proximity  in  the  pitch  series.  Al- 
though physiology  sets  a  limit  to  the  pitch  series,  we  have  no 
difficulty  in  projecting,  in  imagery,  this  series  beyond  these  limits. 
Accordingly  no  point  becomes  a  real  limit,  but  remains  a  point 
along  a  continuimi  which  extends  beyond  the  point  on  both 
sides.  The  infinitude  of  the  pitch  series,  however,  is  limited  to 
central  processes  and  thus  falls  beyond  the  scope  of  the  present 
article.  Physiologically,  the  pitch  series  is  limited  at  both  ends, 
approximately  at  twenty  and  thirty-four  hundred  vibrations. 

The  intensity  and  protensity  series  have  the  same  fundamental 
characteristics  as  the  pitch  series.  Physiology  here,  too,  places 
limits  upon  the  series.  Moreover,  as  a  result  of  the  imi-dimen- 
sionality  of  time  or  duration,  protensity  cannot  become  a  series 
or  an  "order"  at  all  without  introducing  periodicity.  By  keep- 
ing intensity  and  transtensity  constant,  protensity  cannot  vary, 
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but  becomes  the  equivalent  of  the  Bergsonian  "pure  duration," 
which,  for  our  purposes,  may  be  considered  unknowable.  Ac- 
cordingly, periodicity  is  an  inherent  attribute  of  the  protensity 
or  duration  series.  We  can  keep  intensity  and  protensity  con- 
stant and  pass  along  the  transtensity  series,  we  can  keep  transten- 
sity  and  protensity  constant  and  pass  along  the  intensity  series; 
but  we  cannot,  by  keeping  transtensity  and  intensity  constant, 
pass  over  the  protensity  series.  In  order  for  any  protensive 
series  or  distribution  to  be  at  all  evident,  fluctuations  in  one  or 
both  of  the  other  attributes  are  necessary;  and  fluctuations  mean 
periodicity.  This  inherent  periodicity  of  the  protensity  series 
may  throw  additional  light  upon  the  fundamentality  of  rhythm. 

THE  FEELING-TONE  OF  THE   PRIMARY  ATTRIBUTES 

Mere  reaction  to  variations  in  one  or  more  of  the  dimensions 
of  the  external  world,  is,  in  itself,  not  sufficient  to  insure  the 
existence  of  the  organism.  Some  device,  enabling  the  animal  to 
distinguish  the  harmful  from  the  non-harmful  stimuli  is  needed. 
This  is  given  in  the  so-called  feeling-tone  of  sensation.  All 
sensations  are  either  pleasant  or  unpleasant.  In  taking  this 
popular  view  I  am  well  aware  of  its  apparent  inadequacy  to 
explain  all  emotion,  particularly  the  higher  emotions;  a  difficulty 
which  has  led  to  such  theories  as  those  of  Baldwin,  Royce, 
and  Wimdt.  But  the  fact  that  pleasure  and  pain  are  the  most 
general,  the  most  simple,  and  the  earliest  of  psychical  mani- 
festations, the  existence  of  which  is  evident  at  a  time  when  all 
other  emotions  are  lacking,  points  to  their  biological  fimdamen- 
tality.  And  just  as  sensation  leads  through  an  xmbroken  passage 
to  the  most  complex  reaction,  so  the  most  complex  emotions 
are  based  upon  the  pleasure-pain  feeling.  Whether  or  not  we 
accept  this  view,  a  defense  of  which  would  take  us  too  far  afield, 
is  of  no  consequence  in  our  present  problem,  which  is  limited  to 
the  physiological  and  basic  aspect.  The  actual  existence  of 
feeling-tone  is  all  that  has  to  be  admitted;  and  a  very  intense 
Ught  or  sound,  or  a  hot  iron  brought  into  contact  with  the  or- 
ganism leaves  no  doubt  as  to  the  existence  of  feeling-tone  in  the 
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sensation.  Feeling-tone  is  nature's  device  for  acquainting  the 
organism  with  the  nature  of  the  stimulus  in  its  effect  upon  life; 
without  which  device  maintenance  of  life  becomes  impossible. 
Accordingly,  sensations  are  all  pleasant  or  unpleasant  to  a  greater 
or  a  less  degree  when  viewed  irrespectively  of  the  complications 
resulting  from  higher  forms  of  organic  response.  The  next  step 
in  our  analysis  is  a  consideration  of  the  distribution  of  this  feeling- 
tone  over  the  three  primary  series.  For  the  sake  of  clearness, 
each  series  in  this  connection  will  be  treated  as  existing  independ- 
ently of  the  others;  although,  as  we  shall  see  later,  this  is  not 
actually  the  case. 

The  ear  is  an  organ  for  reporting  vibrations  between  certain 
fairly  restricted  limits.  Whatever  be  the  ultimate  nature  of 
sensation,  electrical  or  chemical,  the  ear  itself,  including  the  ever 
so  minute  structures  in  the  cochlea,  is  a  physiological  mechanism; 
individual,  perhaps,  in  the  quantity  and  quality  of  its  response, 
but  modal  in  the  principle  of  response.  No  mechanism  responds 
equally  for  all  points  within  its  range.  Such  a  response  would  be 
both  mechanically  and  physiologically  impossible,  and  the  im- 
possibility is  verified  by  the  data  of  the  psychological  laboratory 
in  such  tests  as,  for  example,  pitch  discrimination.  These  data, 
moreover,  tell  us  that  the  best  response  is  near  or  at  the  middle  of 
the  range  of  action;  a  condition  which  we  should  logically  expect 
from  the  nature  of  the  case.  At  each  extreme  there  exists  a  sort 
of  mal-adaptation  of  the  end-organ.  Mal-adaptation  is  biologi- 
cally injurious;  hence,  physiologically  leads  to  xmpleasantness. 
Accordingly,  the  most  fundamental  distribution  of  feeling-tone 
is  from  unpleasantness  at  each  end  of  the  series,  through  pleasant- 
ness near  the  middle,  to  unpleasantness  at  the  other  extreme. 
The  pleasantness  near  the  middle  of  a  series  results  from  the 
fact  that  moderate  stimulation  of  any  organ  is  accompanied  by  a 
pleasant  feeling-tone,  since  it  furthers  the  life  of  the  end-organ 
itself  and  through  the  operation  of  the  law  of  exercise  aids  the 
life  of  the  organism  as  a  whole  by  developing  more  efficient  reac- 
tion (9, 10).    This,  then,  is  the  distribution  for  the  pitch  series. 

A  similar,  though  somewhat  modified  distribution  exists  for  the 
intensity  and  the  protensity  series.    Very  weak  tones  are  less 
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unpleasant  than  very  low  tones  because  very  weak  stimulations 
are  of  no  biological  consequence  to  the  organism.  Very  short 
tones  likewise  are  accompanied  by  organic  indifference.  Strong 
tones  are  xmpleasant  because  they  are  direciily  physiologically 
injurious  to  the  end-organ;  long  sustained  tones  are  unpleasant 
because  they  fatigue  the  end-organ  by  eliminating  the  necessary 
periods  of  recuperation.  Sensations  near  the  mid-regions  of 
these  series  are  accompanied  by  pleasant  feeling-tone  because  of 
the  effect  of  moderate  exercise. 

Stripped  of  all  complexity,  then,  and  treated  independently  of 
the  other  series,  stimulation  from  any  primary  series  is  accom- 
panied by  feeling-tone  which  is  unpleasant  at  either  extreme 
and  pleasant  near  the  middle.  If,  in  actual  life,  we  do  not  find 
such  a  clear-cut  distribution,  the  apparent  discrepancy  does  not 
disprove  the  validity  of  this  fundamental  distribution,  because 
the  variation  may  be  traced  to  the  coexistence  of  the  three  series 
and  to  the  other  non-fundamental  attributes  and  reactions.  At 
any  rate,  if  introspective  evidence  shows  such  a  distribution,  we 
have  this  to  draw  upon  in  formulating  a  psychology  of  musical 
appreciation. 

SECONDARY  ATTRIBUTES 

A  sensation,  in  order  for  it  to  be  a  sensation  at  all,  must  pos- 
sess the  three  primary  attributes  of  transtensity,  intensity,  and 
protensity.  The  coexistence  of  the  three  extensities  is  a  neces- 
sary condition  for  sensation,  for  the  latter  is  a  response  to  a 
world  of  space  and  time,  of  which  the  sensorial  projection  would 
be  incomplete  if  any  dimension  were  omitted.  This  coexistence 
of  the  primary  attributes  produces  other  attributes  which  I  have 
termed  secondary,  because  they  are  derived  from  the  primary 
attributes.    Chief  among  them  is  Quality. 

Quality  is  the  sensorial  complex  resulting  from  the  simultane- 
ous presence  in  consciousness  of  the  three  primary  attributes. 
It  depends  for  its  particular  character  upon  the  relationships  of 
quantity  existing  among  the  three  extensities.  Accordingly, 
qualities  are  many  and  difficult  of  gradation  because  any  degree 
of  variation  in  any  one  or  more  of  the  primary  series  produces  a 
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change  in  quality.  Quality,  therefore,  becomes  identical  with 
what  I  shall  call  sensation-form.  Or,  to  speak  more  exactly,  if 
sensation-form  be  considered  physiological  in  nature,  then  quality 
is  the  psychological  reaction  to  sensation-form.  A  study  of 
sensation-form  now  becomes  of  vital  importance,  since  in  it  rests 
the  explanation  of  tonal  quaUties.  The  connotation  of  the  word 
sensation-form  is  given  in  the  word  itself,  namely,  the  actual 
physiological  form  of  end-organ  response. 

The  extensity  theory  of  pitch  tells  us  that  tones  of  low  fre- 
quency affect  a  greater  stretch  of  tectorial  membrane  than 
tones  of  higher  frequency  (1,  2,  3, 4,  6,).    Intensity  we  have  con- 
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ceived  as  a  physiological  dimension  at  right-angles  to  trans- 
tensity.  Keeping  intensity  constant  and  varying  transtensity  we 
may  illustrate  the  principle  of  sensation-form  by  the  following 
diagrams  which  are  fairly  typical,  though  enormously  distorted 
sensation-forms:  figure  1,  a,  &,  c,  d.  Keeping  transtensity  con- 
stant and  varying  intensity  we  get  as  types:  figure  2,  a,  6,  c,  d,  e. 
Types  illustrating  forms  when  both  intensity  and  pitch  vary  are: 
figure  3,  o,  &,  c,  d.  Duration  variation  itself  is  not  adapted  to 
diagrammatic  representation.  It  comprises  the  time  required 
for  establishing  or  "setting"  a  form  and  that  required  for  de- 
stroying a  form,  as  well  as  all  the  transition  forms  passed  through 
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in  this  process.  In  the  diagrams  used,  pitch  is  represented  by 
horizontal  distances,  intensity  by  vertical  distances.  A  horizontal 
line  joining  the  ends  of  the  curve  of  any  figure,  would  indicate 
the  end-organ  at  complete  rest.  The  recording  hair-cells  are 
supposed,  in  these  figures,  to  extend  in  a  horizontal  direction 
below  the  lines,  so  that  each  form  shown  would  be  impressed 
upon  the  underlying  cells.  A  curve  such  as  figure  4  repre- 
sents a  low  and  weak  tone;  figure  5,  a  tone  of  the  same  pitch 
but  greater  intensity;  figure  6,  a  high  loud  tone;  figure  7,  a  tone 
of  the  same  pitch  but  much  weaker.  The  actual  dimensions 
are  not  to  be  misconstrued  as  meaning  that  these  forms  actu- 
ally exist  in  the  ear.  The  principle  of  reaction,  however,  is 
to  be  conceived  as  the  same.    Sensation-form,  as  here  imder- 
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stood,  means  simply  the  total  sensorial  effect  upon  the  organ- 
ism of  any  one  uniform  sensation,  or  of  any  one  moment  of  a 
variable  sensation.  It  is  the  imit  of  reaction  resulting  from  the 
necessarily  simultaneous  presence  of  the  three  primary  attributes 
and  does  not,  strictly  speaking,  represent  a  synthesis,  since  we 
can  only  synthesize  what  has  previously  been  separately  present 
to  consciousness.  An  illustration  from  the  field  of  kinaesthesis 
will  make  the  concept  of  sensation-form  clearer.  Assimiing  that 
a  rough  disk  be  pressed  against  a  surface  of  the  skin,  a  certain 
number  of  end  organs  will  be  maximally  stimulated,  others  mod- 
erately, and  others  minimally,  as  a  result  of  the  imeven  surface. 
The  total  sensorial  effect  of  this  imeven,  non-imif orm  stimulation, 
gives  rise  to  the  "sensation-form."  Stimulation  of  exactly  the 
same  number  of  end-organs,  but  uniform  stimulation,  or  stimula- 
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tion  of  a  less  or  greater  number,  would  give  rise  to  diJfferent  sen- 
sation-forms. This  we  shall  see  more  clearly  as  we  proceed  with 
the  analysis  of  various  sensorial  qualities. 

Now  if  qualities  are  the  psychological  resultants  of  sensation- 
forms,  what  tonal  qualities  do  our  sound-forms  give  us? 

Direct  inspection  reveals  such  attributes  as  flatness,  shallow- 
ness, roundness,  bluntness,  sharpness,  pointedness,  breadth, 
depth,  volimie,  mass,  shape,  abruptness,  smoothness,  vagueness, 
clearness,  and  others;  in  each  of  which  the  degree  of  quality  may 
vary.  Such  attributes,  in  the  plan  here  followed,  are  secondary, 
since  they  depend  upon  the  co-existence  of  the  three  primary 
attributes.  Physiologically  we  have  evidence  of  the  existence 
of  tone-forms  in  the  soimd  patterns  of  various  investigators 
(11,  12,  13);  psychologically  their  presence  is  revealed  by  intro- 
spective data  (14,  15) ;  theoretically  it  is  proved  by  an  appeal  to 
other  sense  departments.  In  touch,  a  "sharp"  quality  of  sensa- 
tion is  produced  when  the  ratio  of  transteiisity  to  intensity  is 
very  small,  as  in  the  case  of  a  pin-point  oraknife-edge.  A"flat" 
or  "blunt"  sensation,  on  the  other  hand,  is  produced  when  this 
ratio  is  greater,  as  in  the  case  of  a  block  of  wood  placed  evenly 
against  the  skin.  A  "round"  sensation,  whether  we  use  muscular 
activity  or  not,  is  produced  when  great  intensity  shades  gradually 
into  weak  intensity  or  vice  versa.  In  vision,  too,  a  "flat"  quality 
results  from  maximum  transtensity  and  imiform  intensity — a 
condition  experienced  when  we  view  a  distant,  large,  and  uni- 
formly illuminated  wall,  or  the  unclouded  sky;  a  "sharp"  quality 
results  from  maximum  intensity  and  minimum  transtensity — a 
condition  foxmd  when  we  focus  light  rays  upon  a  minute  bit  of 
chalk.  Roundness  is  the  gradual  shading  off  of  maximum  bright- 
ness into  minimum  brightness.  A  ball,  when  viewed  monocularly 
with  complete  elimination  of  shadows,  appears  flat,  roxmdness 
depending  upon  gradual  changes  in  light  and  shade.  An  edge  is 
sensed  as  sharp  when  one  degree  of  brightness  stops  abruptly  and 
another  degree  begins  as  abruptly. 

Thus  combinations  of  the  three  primary  attributes  produce 
identical  sensations  of  quality  in  three  sense  departments.  This 
commimity  of  attributes  is  strong  presumptive  evidence  in  favor 
of  a  theory  basing  quality  upon  sensation-form. 
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VARIATION  IN  QUALITY  ALONG  THE   PITCH  SERIES 

The  physiology  of  the  cochlea  makes  a  constant  ratio  between 
intensity  and  transtensity  impossible.  The  spatial  arrangement 
of  the  vibrating  tectorial  membrane  with  respect  to  the  xmderly- 
ing  hair-cells  does  not  permit  constancy  of  variation  (16,  17, 18, 
19,  20) .  Intensity  variations  would  necessarily  involve  variations 
in  this  arrangement.  Considered  only  in  its  fundamental  prin- 
ciple, vertical  variation  is  much  more  restricted  than  horizontal 
variation  because  of  the  relative  positions  of  the  membrane  and 
the  recipient  hair-cells.  On  the  other  hand  horizontal  variation, 
that  is,  variation  in  the  extent  of  tectorial  membrane  involved 
in  the  response,  may  be  considerable.  It  follows  that  variations 
along  the  pitch  series  are  not,  in  themselves,  accompanied  by 
proportionate  variations  in  the  intensity  series.  In  other  words, 
the  ratio  between  the  two  is  not  a  constant.  Moreover,  the 
physiology  of  the  cochlea  is  such  that  as  transtensity  increases, 
intensity  increases  atja  much  slower  rate,  if  it  increases  at 
all.  As  a  result,  the  tone  6c  sensation-form  is  not  constant 
throughout  the  pitch  series,  but  changes  gradually  from  relatively 
sharp  forms  for  small  stretches  of  transtensity  to  relatively  blunt 
forms  for  larger  stretches  of  transtensity.  This  is  shown  in  the 
diagrammatic  illustrations  already  given.  High  tones,  therefore, 
partake  of  the  characteristics  or  qualities  associated  with  rela- 
tively sharp  tone  forms.  High  tones  are  almost  imiversally  de- 
scribed as  thin,  sharp,  keen,  or  pointed.  Low  tones,  since  they  are 
present  in  consciousness  as  the  result  of  great  transtensity  and 
relatively  small  intensity,  partake  of  the  characteristics  of  the 
tone-forms  represented  by  this  combination,  namely,  flatness, 
volume,  breadth;  and  are  often  described  as  large,  broad,  and 
diffuse.  In  the  middle  pitch-region,  roundness  and  fullness  de- 
scribe the  predominating  tone-form.  A  fair  idea  of  this  quality 
distribution  is  given  by  the  tones  of  any  musical  instrument 
of  sufficient  range.  The  variation  in  quality,  in  this  sense,  is 
continuous. 
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VARIATIONS  IN  QUALITY  ALONG  THE   INTENSITY  SERIES 

The  physiological  theory  here  adopted  means  that  a  change 
in  intensity  need  not,  in  itself,  involve  a  change  in  transtensity. 
Accordingly,  a  very  weak  tone  might  have  a  form  such  as  figure  8, 
a;  a  moderately  loud  tone,  of  the  same  pitch,  figure  8,  6;  and  a 
very  loud  tone,  figure  8,  c.  Thus,  as  we  pass  along  the  intensity 
series  from  weak  to  strong,  we  traverse,  as  in  the  case  of  pitch, 
a  series  of  qualities  passing  from  flat  through  round  to  sharp. 

A  consideration  of  the  interaction  of  the  two  attributes  of 
transtensity  and  intensity  leads  to  the  question :  If  quality  results 
from  sensation-form,  do  two  or  more  similar  forms  produce  the 
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same  quality?  If  they  do,  then  a  moderately  loud  low  tone 
should  have,  let  us  say,  the  same  quality  as  a  weaker  higher  tone 
(fig.  9).  This  would  be  so  if  varitions  in  both  dimensions 
occurred  concomitantly;  but,  since  the  structure  of  the  cochlea 
makes  this  impossible,  similarity  of  form  for  two  degrees  of  either 
intensity  or  transtensity  cannot  occur,  and  two  tones  of  differing 
pitch  or  intensity  cannot  have  the  same  quality. 

PROTENSIVE  VARIATIONS  IN  QUALITY 

Protensity  aflfects  quality  in  tone-beginning,  tone-duration,  and 
tone-ending.    Zero  stimulation  followed  at  once  by  maximal 
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stimiilation  involves  an  immediate  transition  from  one  extreme  of 
tone-form  to  the  other  extreme.  Such  abruptness,  since  it  makes 
too  great  demands  upon  the  physiological  structure,  is  unpleasant. 
It  is  best  described  as  "shock."  A  gradual  transition  does  not 
have  this  unpleasant  feeling-tone.  If  sufficiently  slow,  a  gradual 
transition  may  permit  a  number  of  the  intervening  tone-forms, 
and  hence  qualities,  to  be  present  to  consciousness,  each  of  which 
would  involve  qualitative  distinction.  Similar  changes  take 
place  with  cessation  of  tone.  For  consciousness,  tone-form  or 
sensation-form  is  not  only  a  "set"  form  but  at  the  same  time  a 
form  that  has  "come  into  being"  and  "passed  out  of  being." 
It  is  true  that,  when  tone  duration  is  sufficiently  great,  the  quali- 
tative variations  of  tone-beginning  and  tone-ending  {anklingen 
and  abklingen)  are  relatively  less  important  than  when  the  tone 
itself  is  of  shorter  duration. 

COMPLEXITY  OF  TONE-FORM 

Thus  far  all  tone-forms  have  been  considered  as  simple.  They 
give  rise  to  unanalysable  sensatioiis.  They  contain  no  points  or 
parts  that  are  distinguishable  for  consciousness.  In  life,  however, 
certainly  in  the  art  of  music,  such  tone-forms  are  seldom  met 
with.  For  the  physical  stimuli  of  musical  tones  are  complex, 
that  is,  they  contain  more  than  one  pitch.  Sensorially  more 
than  one  point  along  the  transtensity  series  must,  therefore,  be 
marked.  The  tone-form  then  becomes  divided  (fig.  10)  Each 
point  along  the  series  is  a  point  of  orientation  for  consciousness. 
If  it  were  not,  then  the  simultaneous  presence  of  several  pitches 
would  produce  the  same  sensation  as  the  existence  of  the  extreme 
pitch  alone — ^which  is  not  true.  Such  points  tend  to  "fill  out" 
what  would  otherwise  be  an  undifferentiated  sensation-mass. 
These  differences  are  reflected  in  musical  terminology.  The 
sound  of  a  blown  bottle  or  tuning  fork  is  termed  pure;  which 
means,  in  this  case,  imdifferentiated  or  unanalysable.  The  tone 
of  the  voice  or  the  violin,  on  the  other  hand,  is  described  as  rich 
or  fuU,  both  meaning  the  presence  of  numerous  points.  Again, 
the  tone  of  a  tuning  fork  is  usually  described  as  smoother,  let 
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US  say,  than  that  of  the  oboe.  The  former  would  be  represented 
physiologically,  by  the  form  shown  in  figure  11,  a,;  the  latter,  by 
figure  11,6.  These,  too,  are  but  diagrammatic  illustrations  of  the 
principle  involved  and  do  not  represent  specific  conditions  (21, 
22),  Smoothness  results  from  an  undivided  tone-form;  rough- 
ness, from  a  divided  one.  Other  senses  verify  this  analysis.  A 
smooth  object  in  vision  is  an  object  presenting  imiform  bright- 
ness (intensity)  to  the  eye;  a  rough  object  is  one  presenting  at 
least  several  degrees  of  intensity.  In  touch,  an  object  is  smooth 
when  it  presents  uniform  intensity  to  the  skin,  whether  it  rests 
motionless  or  the  finger  be  moved  over  its  surface;  an  object  is 
rough  when  its  parts  present  various  intensities.  A  glass  surface 
is  smooth  because  it  presents  a  uniform  pressure  (intensity); 
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a  file  is  rough  because  points  of  maximimi  intensity  (the  points 
or  ridges  of  the  file)  are  separated  by  points  of  zero  intensity 
(the  troughs  of  the  file). 

This  complexity  of  tone-form  permits  a  very  wide  qualitative 
variation.  Any  one  or  more  of  the  simple  forms  that  combine 
to  make  the  complex  form  may  vary  to  any  degree,  and  along 
any  one  or  more  of  the  three  primary  dimensions.  Again,  the 
selection  of  the  smaller  or  partial  tone-forms  is  predetermined 
in  part  by  nature's  series  of  overtones,  which  adds  yet  another 
variant  to  the  others. 

Feeling-tone  varies  also  with  the  complexity  of  tone-form.  A 
simple  tone-form,  since  the  physiology  of  the  end-organ  is  well 
adapted  to  it,  is  physiologically  pleasant.     It  involves  a  mini- 
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mum  of  adaptation  and  attention.  On  the  other  hand  it  cannot 
long  hold  the  attention  because  there  are  no  points  upon  which 
attention  can  lay  hold.  A  tone-form  of  moderate  complexity  is, 
purely  physiologically  considered,  less  pleasant  than  a  simple 
tone-form,  other  things  being  equal.  For  the  same  reason  a 
very  complex  form  is  more  impleasant  because  it  places  a  greater 
strain  upon  the  end-organ.  This  physiological  unpleasantness 
must  not  be  confused  with  the  more  complex  pleasantness  result- 
ing from  the  usual  complex  reaction  to  music,  which  may  even 
directly  reverse  the  feeling-tone  just  described. 

FEEUNCMTONE  OF  THE  SECONDARY  ATTRIBUTES 

The  pleasantness  or  xmpleasantness  of  secondary  attributes 
must  result  from  variation  in  tone-form,  for  the  latter  is  the 
physiological  basis  of  all  secondary  attributes.  Tone-form,  as 
we  have  seen,  may  vary  in  many  ways;  the  determinants  of  the 
character  and  the  degree  of  feeling-tone  however,  are  but  two 
variants:  the  ratio  between  any  two  of  the  primary  attributes, 
and  the  degree  of  complexity  of  the  tone-form.  Since  every 
sensation  contains  the  three  primary  attributes,  organic  response 
must  be  adapted  to  this  simultaneous  existence  of  the  three 
dimensions.  The  efficiency  of  end-organ  reaction  is  measured 
not  so  much  by  variation  along  any  one  primary  series  as  by  com- 
plex variation  along  the  three  series.  Nor  can  this  efficiency  be 
the  same  for  all  degrees  of  this  complex  variation;  here,  too,  as 
in  the  simple  series,  we  find  the  response  varying,  decreasing  in 
efficiency  as  we  approach  physiological  limits.  The  greater  the 
difference  between  transtensity  and  intensity,  for  example,  the 
less  adapted  is  the  organ  to  efficient  response.  A  tone-form  (fig. 
12  o)  which  represents  this  relationship,  obviously  places  a  greater 
strain  upon  the  recipient  organ  than  a  tone-form  such  as  that  rep- 
resented by  figure  12,  6,  which  illustrates  a  more  equal  distribu- 
tion of  the  two  extensities.  The  former  demands  almost  complete 
isolation  of  the  markedly  affected  part  from  the  immediately 
adjoining  parts,  a  condition  which  requires  a  maximum  of  phys- 
iological plasticity.    The  latter  allows  for  a  "spread''  that  is 
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characteristic  of  all  reaction,  physiological  in  particular.  This 
variation  in  ease  of  response  colors  the  sensation  either  pleasantly 
or  unpleasantly.  Those  sensation-forms  are  most  pleasant  which 
represent  a  moderate  ratio  between  their  primary  attributes 
and  a  moderate  absolute  value  of  all  primary  attributes  (10,  14, 
15).  Maximum  presence  of  one  primary  attribute  combined 
with  minimal  presence  of  another  produces  a  tone-form  which, 
through  physiological  strain,  is  sensed  as  unpleasant.  In  the 
differences  of  tone-form  we  have  the  physiological  explanation  of 
the  distribution  of  feeling-tone  described  under  the  primary 
attributes. 

That  it  is  the  sensation-form  and  not  solely  the  absolute  value 
of  any  one  primary  attribute,  which  colors  the  feeling-tone,  may 
be  shown  in  kinaesthesis.  A  point,  such  as  that  of  a  pencil,  when 
pressed  against  the  skin  sufficiently  hard,  causes  an  unpleasant 
sensation.  If  we  take  a  disk,  with  rounded  edge  and  a  hole  in  the 
center  sufficiently  large  to  permit  the  pencil  point  to  pass  through, 
and  press  even  more  strongly  than  we  did  before,  the  sensation  is 
less  unpleasant.  In  this  case  we  have  actually  increased  the 
intensity  and,  were  the  absolute  value  of  any  primary  attribute 
the  sole  source  of  feeling-tone,  the  sensation,  with  increase  of 
intensity  should  grow  more  unpleasant.  It  does  not  do  so,  be- 
cause in  the  case  cited,  we  have  increased  transtensity  also  and 
have  changed  the  tone-form  as  indicated  in  figure  13,  a  and  6. 
It  is  for  this  reason  that  low  tones,  no  matter  how  great  their 
intensity,  cannot  assume  the  "cutting,"  "sharp"  character  of 
loud  high  tones.  Their  fundamental  spread,  equivalent  to 
bluntness,  is  too  great. 

In  short,  then,  the  feeling-tone  of  secondary  attributes,  in  so 
far  as  this  is  determined  by  the  tone-form,  distributes  itself  in  a 
manner  similar  to  that  found  for  the  primary  attributes,  namely, 
relative  unpleasantness  at  each  extreme  and  relative  pleasantness 
along  the  middle  of  the  complex  series.  Tone-forms  typical  of 
unpleasant  feeling-tone  may  be  represented  as  in  figure  14,  a 
and  h;  a  form  typical  of  pleasant  feeling-tone  as  in  figure  14  c. 

The  second  determinant  of  the  feeling-tone  of  secondary  attri- 
butes is  the  complexity  of  the  tone-form.    A  simple  tone-form, 
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that  sensation  type  resulting  from  the  waves  corresponding  to  a 
single  pitch  (illustrated  approximately  by  the  tone  of  a  tuning 
fork  or  a  stopped  organ  pipe),  is  physiologically  pleasant  because 
the  end-organ  is  well  adapted  to  the  mode  of  action  demanded  by 
this  stimulus.  As  we  increase  the  complexity  of  the  tone-form 
we  decrease  the  pleasantness  of  the  sensation,  because  each 
increase  in  complexity  demands  a  more  finely  differentiated  or- 
ganic reaction,  which  is  normally  colored  unpleasantly  by  the 
added  physiological  strain  involved.  This  forces  the  conclusion 
that  the  simple  tone  of  a  timing  fork  is  more  pleasant  physiologi- 
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cally  than  the  complex  tone  of  a  violin — a,  comparison  that  flatly 
contradicts  experience  in  modern  artistic  music.  The  contradic- 
tion, however,  may  be  explained.  In  the  fixst  place,  the  biologi- 
cal reason  for  the  added  impleasantness  of  complex  tone-form 
results  from  the  similarity  of  some  parts  of  these  complex  tone- 
forms  to  the  unpleasant  types  discussed  under  simple  tone-forms. 
Thus,  if  a  certain  partial  pitch  is  very  intense  compared  to  the 
remaining  pitches  we  might  get  a  form  somewhat  like  that  rep- 
resented in  figure  15,  in  which  the  maximal  stimulation  of  one 
section  of  the  tectorial  membrane  and  the  simultaneous  minimal 
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stimulation  of  adjoining  parts  is  the  cause  of  the  unpleasantness. 
All  such  types  can  be  explained  on  the  basis  of  the  ratios  among 
the  extensities  outlined  for  simple  tone-forms.  In  the  second 
place,  we  have  evidence  of  the  physiological  pleasantness  of  sim- 
ple sensation-form  in  the  pleasures  of  infancy  and  early  childhood. 
Pure  colors  in  vision,  smooth  surfaces  in  touch  are  undisguised 
sources  of  pleasure  at  these  ages,  and  both  pure  colors  and  smooth 
surfaces  are  sensorially  equivalent  to  simple  soimds  in  hearing, 
all  of  them  resulting  from  simplicity  of  sensation-form.  More- 
over, the  age  of  infancy  is  chiefly  centered  around  sensation.  In 
the  third  place,  it  can  be  shown  that  the  added  increment  of 
pleasurableness  associated  with  sensorial  complexity  for  the 
normal  adult  is  an  acquired  taste;  or,  what  amounts  to  the  same 
thing,  a  modified  physiological  reaction  (10,  23,  24,  25). 

In  the  descriptions  of  diflferences  of  simple  and  complex  tones, 
the  word  "interesting"  frequently  occurs.  This  gives  the  key 
to  an  analysis.  A  simple  tone-form  is  in  itself  an  imdifferentiated 
sensation-mass.  There  are  no  "points"  at  which  consciousness 
can  take  hold.  Such  a  sensation  type,  since  it  cannot  furnish 
the  attention  with  new  material,  soon  loses  interest  for  conscious- 
ness. A  complex  tone-form,  on  the  other  hand,  presents  a  dif- 
ferentiated sensation-mass  to  consciousness,  and  attention  may 
be  directed  first  to  one  point  and  then  to  another.  It  is  a  richer 
experience,  gains  in  interest  accordingly,  and  becomes  a  more 
intelligible  something,  since  it  presents  us  with  a  greater  mass  of 
sensorial  data.  In  consequence  we  find  complex  tones  appealing 
to  us  more  than  simple  tones.  When  we  carry  the  complexity 
too  far,  what  was  at  the  lower  extreme  undifferentiated  becomes 
so  highly  differentiated  that  consciousness  cannot  analyse  it 
adequately  and  we  return  to  unpleasantness  again.  The  exact 
degree  of  complexity  for  maximal  pleasurableness  is  not  fixed, 
either  for  the  individual  or  for  man  in  general.  One  of  the  many 
interesting  psychological  aspects  of  music,  of  which  musical 
history  furnishes  unmistakable  evidence,  is  the  steady  progress 
of  this  degree  of  pleasurableness  from  less  to  greater  complexity — 
a  transition  resulting  from  the  biological  law  that  repetition  of  a 
harmless  stimulus  is  accompanied  by  less  and  less  intense  reaction, 
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approaching  complete  indifference  as  a  limit  (9) .  Most  musicians 
pass  through  a  similar  experience.  The  pleasure  derived  during 
childhood  and  youth  from  sunple  tone  ratios,  is  later  replaced 
by  that  resulting  from  more  complex  tone  combinations.  A  com- 
plex tone  is  more  pleasant  in  music  than  a  simple  tone  because 
it  holds  the  attention  better,  and  thus  eases  listening,  and  not 
because  it  is  in  itself  physiologically  more  pleasant.  The  added 
pleasure  results  from  a  change  in  central  activity,  not  peripheral. 

TERTIARY  ATTRIBUTES 

Tertiary  attributes  are  those  attributes  read  into  tonal  sensa- 
tions through  the  action  of  sensations,  present  or  past,  of  other 
sensory  fields.  A  tone,  per  se,  is  neither  "brittle"  nor  "feathery," 
yet  both  terms,  and  many  others,  are  applied  to  tones,  and  con- 
vey, at  least  in  many  instances,  a  sufficiently  definite  meaning 
to  make  their  use  intelligible.  An  analysis  of  tertiary  attri- 
butes is  important  because  this  class  of  attributes  forms  the 
threshold  of  musical  imagination,  and  imagination  in  turn,  of 
musical  enjoyment. 

Tertiary  attributes  are  made  possible  by  association.  The 
doctrine  of  association  means  finally  that  a  miscellaneous  num- 
ber of  sensations  becomes  ordered  and  grouped  in  consciousness. 
This  ordering  and  grouping  takes  place  through  association  by 
contiguity  and  association  by  similarity.  Applied  to  the  prob- 
lem in  hand,  this  means,  first,  that  whatever  sensations  in  other 
fields  are  received  simultaneously  with,  or  in  close  time  proximity 
to  an  auditory  sensation,  become  linked  with  the  latter,  so  that 
any  subsequent  excitation  of  any  one  of  these  sensations  tends 
to  arouse  the  others;  and  secondly,  that  sensations  possessing 
similar  elements  or  an  element  common  to  a  third  sensation  are 
also  grouped  so  that  subsequent  arousal  of  any  one  tends  to  " 
awaken  the  others. 

In  order  for  association  to  function  in  adult  life  it  is  not  neces- 
sary that  conscious  rehearsal  and  analysis  of  each  step  in  the 
process  should  occur.  In  fact,  such  a  procedure  is  often  difficult 
if  not  quite  impossible.    But — and  this  is  of  equal  importance — 
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it  does  not  follow  that  the  original  chain  of  association  was  forged 
without  awareness  of  its  separate  links.  However  subtly  the 
association  functions  when  once  established,  it  could  not  have 
become  established  save, through  the  activity  of  consciousness. 
This  we  must  infer  from  the  nature  of  the  problem;  an  inference 
the  correctness  of  which  may  be  shown  by  an  appeal  to  the  age 
when  associations  are  still  in  the  making,  namely,  the  age  of 
infancy  or  early  childhood.  At  this  age  intelligent  children  often 
are  able  to  trace  each  step  in  the  associative  process.  When 
thus  revealed,  the  association  becomes  a  purely  objective, 
mechanical  process,  which,  however,  normally  functions  so  rapidly 
that  to  the  lay  observer  it  is  a  "subconscious,"  "instinctive" 
process.  Moreover,  as  experiment  has  shown,  such  children,  as 
they  get  older  and  thus  command  a  greater  variety  and  manip- 
ulation of  association,  find  it  increasingly  difE.cult  to  trace  out 
the  various  steps  in  any  but  an  entirely  new  association.  An 
instance  will  make  this  clear.  A  child  of  six  years  had  memorized 
a  little  piece  for  piano,  a  melody  and  accompaniment  in  G  major. 
Upon  being  asked  to  begin  on  F,  which  placed  the  piece  in  D 
flat  major,  she  made  the  transposition  with  but  two  errors.  The 
readiness  with  which  the  transposition  was  made  led  to  the  in- 
ference that  it  was  an  "instinctive,  ready-made"  transfer.  Sub- 
sequent questioning  brought  out  the  fact  that  it  wastherelation- 
ship  between  black  and  white  keys — so  many  keys  between  this 
tone  and  that  one — the  use  of  the  key  near  the  beginning  in  the 
right  hand,  and  the  use  of  the  symmetrically  situated  key  for  the 
left  hand  later  on,  which  were  the  sources  for  transfer.  In  other 
words,  it  was  a  purely  objective,  mechanical  procedure.  Several 
years  later,  when  the  child  had  enriched  her  keyboard  associa- 
tions, most  of  which  functioned  automatically  then,  she  failed  to 
analyse  the  component  steps  when  similar  tests  were  given,  an- 
swering in  the  familiar  words:  "I  just  do  it." 

The  importance  of  establishing  tertiary  attributes  on  an  ob- 
jective, sensorial  basis  is  evident  when  we  consider  them  in  rela- 
tion to  musical  enjoyment.  The  associations  awakened  by  music 
are  often  extremely  complex  and  in  their  normal  operation  forthe 
adult  usually  defy  analysis.    But  it  does  not  follow,  as  the  fore- 
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going  case  illustrates,  that  originally  they  demanded  for  their 
fonnation  anything  further  than  the  usual  psychological  reaction 
in  general.  Failure  to  trace  the  associations  to  their  source, 
while  they  were  in  formationj  alone  is  responsible  for  their  later 
inexplicableness. 

Since  it  is  not  our  purpose  here  to  trace  particular  associations 
to  their  sources,  but  rather  to  point  out  the  principles  upon  which 
they  operate,  little  further  need  be  said  about  associations  through 
contiguity.  Whatever  impressions  occur  concomitantly  with  the 
auditory  unpression  are  associated  with  it,  and  it  with  them. 
The  tone  of  a  shepherd's  pipe  may  reach  the  ear  of  one  out  for  a 
pleasure  stroll,  and  also  the  ear  of  one  at  the  bedside  of  a  dying 
friend.  Henceforth,  the  tone  of  this  instrument  will  have  vastly 
diflferent  associations  for  the  two,  intellectually  and  emotionally. 
The  operation  of  this  type  of  association  will  be  made  clear  to 
any  one  who  takes  the  trouble  to  reflect  sufficiently  upon  his  own 
experience. 

Association  by  similarity  functions  in  two  ways:  between 
similarities  in  the  auditory  field,  and  between  similarities  in  the 
auditory  and  some  other  sensory  field. 

Of  primary  importance  are  the  associations  formed  through 
sunilarity  of  sensation-form.  The  terms  apply  to  a  particular 
sensation-form,  regardless  of  the  sense  department  in  which  it 
occurs.  If  a  certain  word  describes  a  particular  sensation-form 
in  vision,  let  us  say,  that  same  word  can  be,  and  as  a  matter  of 
fact  is  applied  to  a  similar  sensation-form  in  other  sensory  fields. 
I  select  as  an  example  an  attribute  which  we  find  in  a  number  of 
investigations  of  tonal  attributes,  namely,  ''brightness."  We 
meet  it  in  R6v6sz,  Stumpf ,  Koehler,  Meyer,  Ogden,  Rich,  and 
others,  (25,  26,  27,  28,  14).  In  the  reports  of  these  investigators 
we  find  more  or  less  contradictory  statements  as  to  the  nature 
of  the  attribute  of  brightness.  Its  true  status  as  a  secondary 
attribute  of  sensation  and  a  tertiary  attribute  of  audition  will  be 
revealed  if  we  seek  this  explanation  in  terms  of  sensation-forms. 
In  vision,  brightness  is  produced  by  a  sensation-form  of  great  in- 
tensity as  compared  to  its  transtensity.  The  same  sensation- 
form  is  responsible  for  the  application  of  brightness  to  sensations 
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in  the  field  of  audition.  Brightness  is  a  marked  attribute  of 
high  tones,  not  of  low  tones;  and  the  analysis  of  tone-form 
which  we  made  under  secondary  attributes  shows  an  increasing 
ratio  of  intensity  to  transtensity  as  we  ascend  the  pitch  series. 
This  change  in  tone-form  is  the  cause  of  the  brightness  attribute. 
Again,  sharpness  in  kinaesthesis  results  from  a  sensation-form  of 
relatively  great  intensity  and  minimal  transtensity;  it  is  the 
equivalent  of  brightness  in  the  visual  field.  Accordingly,  we 
find  ^'sharpness"  also  apphed  to  tones  when  the  particular  tone- 
form  just  described  is  present.  This  association-scheme  is  shown 
by  everyday  observation  and  by  the  introspective  remarks  of 
subjects  tested  imder  control  conditions.  Thus  Preyer  (30) 
writes  that  the  hearing  of  the  hi^est  tones  is  accompanied  by 
sensations  of  pain,  as  if  the  ear  were  pricked  with  a  fine  needle; 
and  Stumpf  (25) :  'Ve  have  to  differentiate  a  third  momentwhich 
may  be  designated  'brightness,'  and  analogous  to  the  bri^tness 
of  color.''  (The  fact  that  the  term  brightness  was  applied  to 
tone  before  it  was  applied  to  colors,  does  not  invalidate  the  conclu- 
sion here  drawn,  but  merely  robs  vision  of  its  priority  in  this 
respect).  In  the  introspections  of  other  subjects  (14)  we  read  "I 
feel  that  the  pointed  focused  tones  are  brighter;"  "tone  appears 
to  be  brighter  or  duller,  also  sharper  or  blunter;"  "some  tones  are 
brighter,  but  bri^ter  may  be  sharper;"  "bright  means  sharper;" 
"brightness  is  the  emergence  of  the  salient  from  the  volimiic 
mass."  Or,  selecting  random  remarks  of  piano  pupils:  "the 
tone  has  an  edge  like  a  knife;"  "the  tone  reminds  me  of  a  spark;" 
"it  hurts  like  a  bright  light  or  a  point." 

Let  us  take  another  attribute:  hardness.  Its  application  in 
audition  is  foimd  in  such  well-known  phrases  as:  "his  tone  was 
hard;"  "the  hardness  of  the  tone  was  unpleasant;"  "at  times 
the  tone  became  as  hard  as  nails."  In  the  auditory  field  hardness 
is  a  tertiary  attribute  applicable  here  through  association  with 
kinaesthesis.  In  the  latter  sensory  field  an  object  capable  of 
retaining  a  form  of  relatively  great  intensity,  is  hard.  If  it  were 
not,  it  would  flatten  out  upon  pressure.  Hardness  can  be  sensed 
only  when  accompanied  by  considerable  pressure;  light  pressiu^ 
against  an  object  will  not  determine  its  hardness.    A  sensation- 
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form  in  audition,  similar  to  the  one  given  for  kinaesthesis,  is  the 
form  resulting  from  a  relatively  loud  tone.  Therefore,  hardness 
becomes  an  attribute  of  great  intensity,  or  the  sensorial  equiva- 
lent, loudness.  In  an  experimental  study  and  analysis  of  piano 
tone  and  touch,  recently  made  (31),  this  relationship  has  been 
shown  to  exist  in  every  case.  Hardness,  in  these  experiments, 
was  always  accompanied  by  a  relatively  great  intensity.  In  the 
following  table  an  attempt  is  made  to  analyse  into  their  funda- 
mental attributes,  a  few  of  the  many  tertiary  attributes  of  tone. 
Neither  the  list  of  attributes  is  complete,  nor  are  the  sources  of 
their  derivation;  but  a  sufficiently  varied  list  is  given  to  explain 
the  principle  upon  which  tertiary  attributes  are  developed.  In 
certain  cases  the  analysis  has  been  verified  by  experimental 
procedure. 

A  second  important  group  of  tertiary  attributes  is  that  formed 
by  spatial  association.  It  divides  into  three  sub-groups:  the 
high-low  distribution;  the  near-strong,  far-weak  association;  and 
the  near-high,  far-low  association. 

Tones  are  more  often  described  by  "high"  and  "low"  than  by 
any  other  term.  In  fact,  when  we  discuss  songs,  it  is  difficult 
to  keep  away  from  all  aspects  of  this  spatial  distribution.  So 
much  so,  that  height  and  depth  have  at  times  been  considered 
primary  attributes  of  tone.  The  standard  test  for  pitch  discrim- 
ination (32)  uses  the  word  "higher"  in  the  instructions;  a 
glance  at  the  introspection  of  laboratory  subjects  will  reveal 
further  the  extent  of  this  spatial  association.  The  latter  has  a 
world  history.  We  find  it  with  the  Chinese,  the  Indians,  the 
Isreaehtes,  the  Greeks,  the  Romans,  and  all  western  civilization, 
and  it  is  reflected  in  all  known  systems  of  musical  notation,  in- 
cluding, of  course,  our  own.  Yet  in  spite  of  this  wide-spread  and 
old  association,  we  may  not  infer  that  height  and  depth  are  pri- 
mary attributes  of  tones.  A  brief  consideration  of  this  associa- 
tion will  make  this  clear. 

Physiologically  there  is  no  direct  basis  for  an  elevation  attri- 
bute in  audition.  The  spiral  shape  of  the  cochlea  and  the  di- 
rection of  its  modiolar  axis  (descending  slightly  towards  the  apex 
when  in  normal  position)  preclude  any  direct  spatial  distribution 
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8EN8ATION-FOHM 

souRcas  or  association 

Feathery 

Minimal  intensity 

Vision;  kinaesthesis 

Rich 

Moderate  complexity 
Moderate  intensity 
Moderate  transtensity 

Vision  (complexity  resulting 
from  differentiation  of  parts) ; 
kinaesthesis 

Dull 

a.  Small  intensity  in  relation  to 
transtensity. 

6.  Minimal  complexity  in  rela- 
tion to  protensity. 

Vision;  continuity  in  any  sen- 
sory field 

Colorful 

Moderate  to  high  complexity 

Vision 

Forced 

Great  intensity 

Kinaesthesis 

Clear 

Sharpness  of  sensation-form 
Moderate  to  great  intensity 

Vision;  kinaesthesis;  smell 

Crisp 

Minimal  protensity 

Vision;  clearness  of  definition; 
temperature;  audition:  pho- 
netics 

Pinched 

Maximum  intensity,  minimum 
transtensity 

Kinaesthesis 

Noisy 

Maximal  complexity 

Audition 

Pushed 

Direct  transfer  from  vision  and 
kinaesthesis 

Brittle 

Sharpness  of  tone-form 

Vision;  kinaesthesis 

Glassy 

Relatively  great  intensity;  sharp 
definition  of  tone-form 

Vision;  kinaesthesis;  (see  clear) 

Sparkling 

Minimal  protensity  or  minimal 
transtensity 

Vision; audition:  volume 

Singing 

Marked  protensity  with  fixed 
sensation-form 

Kinaesthesis:  vocality 

Hollow 

Simplicity  of  tone-form 

Vision 

Sour 

Taste  and  kinaesthesis 
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which  would  account  for  the  high-low  association.  An  indirect 
basis  is  found  in  the  sensation-form.  The  extensity  theory  of 
pitch  assigns  a  greater  extent  of  vibrating  tectorial  membrane 
to  low  tones,  that  is,  tones  of  small  frequency,  than  to  tones  of 
great  frequency.  Accordingly,  low  tones  are  more  extended, 
larger,  more  voluminous,  than  high  tones.  This  fact  introspec- 
tion reveals  beyond  any  doubt  (14,  5,  15,  25).  But  vision  and 
kinaesthesis  teach  us  that,  normally,  large  objects  are  below 
small  ones;  that  of  two  objects  of  the  same  material  the  larger 
is  the  heavier.  Also  that  sounds  of  small  frequencies  are  pro- 
duced by  large  bodies:  cannon,  large  organ-pipe,  double-bass; 
those  of  great  frequencies  by  small  bodies:  small  organ-pipe, 
violin.  Man's  voice,  too,  is  lower  than  woman's  and  man  is  the 
larger  animal.  Finally,  the  principle  of  resonance — as  the  result 
of  the  operation  of  which  large  hollow  spaces  reinforce  low  fre- 
quancies,  small  spaces  great  frequencies — str^igthens  the  associa- 
tion between  pitch  and  space. 

The  bodily-distribution  theory  explains  the  high-low  aspect 
on  the  basis  of  the  positions  assimied  by  the  vocal  organs,  as 
exemplified  in  expressions  such  as  head  voice^  chest  voice,  falseUo. 
For  the  production  of  high  tones,  the  organs  are  elevated,  for 
that  of  low  tones  they  are  depressed.  The  strain-relaxation 
theory  places  height  and  depth  upon  the  muscular  strain  and 
relaxation  involved  in  tone  production  and  associated  with  the 
strain  and  relaxation  accompanying  the  movement  of  the  body 
through  space.  In  either  theory  we  are  dealing  with  kinaesthetic 
association. 

Neither  the  instrumental  theory,  which  developes  the  high- 
low  association  from  the  manner  in  which  instruments  are  played 
nor  the  notation  theory  which  finds  the  source  of  the  association 
in  musical  notation,  is  plausible.  The  instrumental  theory  is  not 
plausible  because  musical  instruments  are  played  in  all  directions, 
ascent  for  the  vioUnist  is  descent  for  the  cellist,  horizontaKty  to 
the  right  for  the  pianist,  is  horizontality  to  the  left  for  the  flutist; 
the  notation  theory  is  not  plausible,  because  the  hi^-low  aspect 
considerably  antedates  known  systems  of  musical  notation. 
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Tones  are  "high'*  and  ''low''  through  the  operation  of  a  com- 
plex chain  of  visual,  auditory,  and  kinaesthetic  association;  and 
since  these  are  the  basis  for  our  last  class  of  tonal  characteristics, 
"height"  and  "depth"  become  tertiary  attributes  of  tone.  As  a 
result  of  this  spatial  distribution,  tones  assume  the  characteristics 
of  other  objects  possessing  the  same  attributes.  EOierediiy, 
heaverdinesSy  profundity y  gravity,  for  example,  thus  become  appli- 
cable to  the  single  tone. 

The  near-atrongy  far-weaJc  assodaiion 

Physically,  a  wave  decreases  in  amplitude  as  it  recedes  from 
its  source.  Sensorially,  a  sound,  in  consequence  of  the  operation 
of  this  law,  becomes  weaker  as  the  distance  between  the  source 
of  sound  and  the  hearer  increases.  Of  two  sounds  of  equal 
source-intensity,  therefore,  the  nearer  is  the  louder.  As  the  high- 
low  distribution  transfers  the  vertical  dimension  of  space  to 
the  auditory  field,  so  the  near-strong  :distribution  transfers  the 
depth  or  distance  dimension  of  space  into  ipe  auditory  field. 
With  this  transfer  we  get  a  further  group  of  associations:  a  tone 
may  now  be  projected  to  any  point  in  a  horizontail  plane  the 
center  of  which  is  the  hearer;  and  each  projection  awakens, 
through  association  by  visual  similarity,  associations  previously 
made  with  that  particular  distance.  Hazy,  veiled,  mysterious, 
clouded,  far-off,  intimate,  are  some  of  the  terms  applied  to  tones 
as  a  result  of  the  near-strong,  far-weak  association. 

The  near-high,  far-low  association 

The  two  spatial  relationships  just  described  do  not  always 
function  independently.  They  are  at  times  complicated  by  a 
qualitative  distribution,  as  a  result  of  which  near  tones  assimae 
a  high  quality  and  far  tones  a  deep  or  low  quaUty.  The  physical 
basis  for  this  correlation  is  found  in  the  fact  that  shorter  wave 
lengths  are  more  rapidly  damped  than  longer  waves.  Accordingly 
the  higlh  partials  of  a  complex  sound  may  be  damped  before  the 
distiurbance  reaches  a  distant  observer.  At  any  rate,  other  things 
being  equal,  the  waves  corresponding  to  the  high  partials  will  be 
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annihilated  before  the  lower  frequencies,  so  that  a  complex  sound 
wave,  as  it  passes  through  the  air,  undergoes  a  change  in  com- 
plexity (the  physical  equivalent  of  sensorial  quality), passing  from 
greater  to  less  complexity,  with  the  sine-curve  as  a  theoretical 
limit.  In  consequence,  the  farther  the  hearer  is  from  the  source 
of  sound,  other  things  being  equal,  the  lower  is  the  sound,  for  the 
fundamental  is  the  lowest  tone  of  the  harmonic  series.  Practical 
verification  of  this  theoretical  principle  is  found  in  sounds  with 
which  every  one  is  familiar  (35) .  When  the  source  of  thunder,  for 
example,  is  distant,  the  sound  heard  is  a  rumble;  when  the  source  is 
near,  the  sound  heard  is  a  crash.  The  sound  of  an  approaching 
wagon  changes  from  a  rumble  to  a  rattle,  and  as  the  wagon  recedes 
changes  back  again  into  a  rumble.  Both  ^'rumble"  and  ''crash" 
or  "rattle"  are  phonetics;  the  former  centering  round  the  pitch 
of  "u"  as  in  rumble  and  the  latter  aroimd  the  definitely  higher 
pitch  of  "a"  as  in  crash  or  rattle.  Again,  when  standing  near  a 
steam  whistle  a  complex  sound  containing  high  pitches  is  heard; 
at  a  distance  only  the  lower  pitches  remain  audible.  These 
examples  illustrate  the  far-low,  near-hi^  array.  As  a  result  of 
such  a  distribution  the  position  of  a  tone  in  space  is  not  only 
determined  by  its  pitch  and  its  intensity,  but  also  by  its  second- 
ary attribute  of  quality. 

The  feeling-tone  of  tertiary  attributes 

The  feeling-tone  of  the  tertiary  attributes  just  described  is 
determined  on  one  hand  by  the  sensation-form  which  gives  rise 
to  the  attribute,  and  on  the  other  hand  by  emotional  complexes, 
coloring,  more  or  less  vividly,  the  association  involved.  Sensa- 
tion-form here  functions  similarly  to  the  sensation-form  discussed 
imder  secondary  attributes:  extreme  brightness  or  dullness,  for 
instance,  being,  in  itself,  more  impleasant  than  intermediate 
degrees  of  brightness  or  dullness  (36).  The  emotional  coloring 
of  the  complexes  mentioned,  for  instance  of  the  spatial  associa- 
tions, since  it  is  only  indirectly  physiological,  does  not  lend  itself 
to  a  simple  classification.  For  our  problem  we  need  not  deter- 
mine the  sources  of  these  associational  feeling-tones,  which  often 
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are  essentially  non-auditory  in  character.  Whether  height  is 
pleasantly  or  unpleasantly  tinged,  whether  distance  awakens 
longing  or  repulsion,  whether  darkness  awakens  fear  or  repose, 
need  not  detain  us.  These  are  problems  dealing  with  secondary 
attributes  in  other  sensory  fields.  Any  one  of  these  emotional 
colorings,  and  many  more  which  we  have  not  mentioned,  may 
be  present,  and  each  one  colors  the  particular  tone  or  attribute 
more  or  less  characteristic  of  it.  As  a  result  of  the  influence  of 
these  complexes,  a  single  tone,  even,  may  express  longing,  re- 
morse, and  what  not.  Nay,  even  more.  Since  such  attributes 
are  tertiary,  that  is,  essentially  dependent  upon  association  with 
other  sense  departments,  the  same  tone  may  express  beauty  to 
one,  ugliness  to  another,  and  neither  beauty  nor  ugliness  to  a 
third.  The  associations  upon  which  such  attributive  assignment 
depends,  may  originate  at  any  point  in  past  experience,  and  there- 
fore these  associations  will  differ  as  much  as  the  experiences  of 
mankind  in  themselves  differ.  And  yet,  in  spite  of  this  enormous 
complexity,  the  latter  could,  if  we  had  sufficient  data  at  our  dis- 
posal, be  traced  down  the  scale  of  attributes  and  analjrsed  into 
secondary  and  primary  attributes  equivalent  to  those  here  de- 
scribed for  audition. 

Thus  most  of  the  so-called  "characteristics  of  keys"  result  from 
the  operation  of  tertiary  attributes,  and  the  interesting  cases  of 
sjmaesthesia  are  further  examples  of  these  associational  com- 
plexes. In  fact,  the  entire  problem  of  individual  differences  in 
musical  appreciation  is  intimately  connected  with  tertiary  attri- 
butes. For  the  primary  and  most  of  the  secondary  attributes 
are  in  a  way,  common  to  all  persons,  accompanied,  at  the  most, 
by  variations  in  degree.  Without  minimizing  the  influence  of 
these  quantitative  variations,  marked  qualitative  variations 
among  individuals  are  the  chief  characteristic  of  tertiary  attri- 
butes. In  other  words,  the  differences  in  emotional  reaction  to 
music  cannot  be  explained  on  an  auditory  basis  alone,  but  in- 
volve the  entire  sensorial  complex  of  the  field  of  sensation. 
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CONCLUSIONS 

The  analysis  of  the  sensorial  basis  of  music  appreciation  which 
we  have  made,  is  itself  not  entirely  free  from  unsolved  problems. 
Nevertheless,  it  enables  us  to  draw  certain  conclusions  which 
may  help  in  the  construction  of  a  psychology  of  the  more  com- 
plex reactions  to  music. 

In  the  first  place,  the  analysis  shows  the  impossibility  of  basing 
an  adequate  psychology  of  music  appreciation  upon  purely 
auditory  grounds.  An  important  part  of  the  enjoyment  of  music, 
as  presented  today,  is  non-auditory  in  character. 

In  the  second  place,  a  psycho-physiological  basis  for  individual 
differences  is  given  that  demands,  for  its  development,  only  the 
operation  of  accepted  principles  of  association. 

In  the  third  place,  the  discrepaiicies  in  studies  of  tonal  attri- 
butes dealing  with  terms  such  as  "brightness,"  "roughness,"  are 
explained.  Such  terms  are  secondary,  not  primary  attributes, 
and  are  therefore  further  analysable. 

Finally,  the  attributive  analysis  of  tones  here  given,  materially 
simplifies  the  problems  of  the  complex  reactions  to  music.  Many 
phases  of  music  enjojonent,  assigned  to  the  inspired  character  of 
a  particular  composition,  are,  as  a  matter  of  fact,  the  direct 
effects  of  the  primary,  secondary,  and  tertiary  attributes  of  tones. 
The  attributes  of  the  separate  tone  form  the  real  basis  of  audi- 
tory reaction,  and  through  this,  of  musical  enjoyme/it  in  all  its 
complexity.        ^  ^,  '^ 
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THE  RELATION  OF  DEGREE  OF  INDIAN  BLOOD  TO 
SCORE  ON  THE  OTIS  INTELLIGENCE  TEST 

WALTER  S.  HUNTER  assisted  bt  ELOISE  SOMMERMIER 
The  University  of  Kansas 

INTRODUCTION 

The  present  paper  reports  the  application  of  the  1919  edition 
of  the  Otis  group  intelligence  test  to  711  American  Indians  in 
school  at  the  Haskell  Indian  Institute,  Lawrence,  Kansas.^  It 
was  our  intention  to  compare  not  only  Indian  scores  and  white 
scores  but  also  the  scores  made  by  the  various  degrees  of  Indian 
blood.  It  was  not  our  intention  to  determine  what  psycho- 
biological  functions  the  Otis  scale  measured,  nor  to  examine  the 
fineness  of  its  measurement.  We  have  taken  this  scale  as  one  of 
the  best  available  group  intelligence  scales,  and  have  critically 
examined  its  diagnostic  value  when  applied  to  the  detection  of 
significant  differences  in  ability  between  the  various  degrees  of 
blood.  The  study  is  a  contribution  to  the  experimental  study 
of  racial  differences  in  behavior.  It  also  throws  light  upon  the 
topic  of  "the  inheritance  of  general  intelligence"  inasmuch  as  the 
results  indicate  that  the  ability  involved  in  the  Otis  test  decreases 
with  a  decrease  in  the  amount  of  white  blood. 

We  have  felt  certain  in  our  own  minds  that  no  available  scale 
is  sufficiently  accurate  to  indicate  the  fineness  of  the  differences 
that  may  exist.  The  positive  results  which  we  have  secured 
would  therefore  indicate  that  the  differences  between  the  degrees 
of  blood  are  greater  than  our  tests  reveal.  As  the  present  ac- 
coimt  proceeds,  we  shall  indicate  other  reasons  for  believing  that 
our  results  imder-  rather  than  overstate  the  case. 

1  This  study  was  made  possible  by  a  money  grant  from  the  Research  Committee 
of  the  University  of  Kansas  Graduate  School  and  by  the  courtesy  of  Supt.  H.  B. 
Pears  of  Haskell  Institute.  It  was  first  reported  in  the  Psychological  Bulletin, 
1921,  zriii,  91-2. 
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SUBJECTS 

The  711  Indian  subjects  for  whom  blood  data  were  available 
are  grouped  as  follows:  pure  Indian  blood  (1),  265  cases;  three- 
quarters  Indian  blood  (f),  142  cases — this  includes  all  degrees  of 
blood  from  t  to  and  including  J;  one-half  Indian  blood  (§),  192 
cases — this  includes  all  cases  less  than  |  to  and  including  the 
^  bloods;  one-quarter  Indian  blood  (i),  112  cases — this  includes 
all  Indians  of  less  than  J  blood.  Only  7  subjects  were  less  than 
J  Indian,  and  none  was  less  than  ^.  The  degree  of  blood  was 
determined  in  all  cases  from  the  official  records  of  the  school  and 
is  thus  stated  with  a  minimiun  of  error. 

Distributions  for  age  and  school  grade  will  be  given  later  in  the 
paper  (pages  262  and  276) .  The  school  grades  taught  begin  with 
the  fourth  and  extend  through  the  tenth,  after  which  come  two 
years  of  commercial  work.  A  grade  designated  "unclassified" 
contains  a  few  elementary  students  whose  exact  grade  status  is 
difficult  to  determine  at  the  time  of  their  admission  to  the  Insti- 
tute. These  grades  are  approximately  one  year  advanced  as 
compared  with  the  grades  at  public  school.  The  ninth  and  tenth 
grades  are  vocational  grades,  while  the  commercial  course  cor- 
responds to  the  ordinary  high  school  commercial  course  save  that 
no  foreign  language  is  offered.  The  pupils  spend  one-half 
day  in  school  and  the  other  half  day  in  industrial  work. 

The  Haskell  students  tested  come  from  many  different  parts  of 
the  United  States  and  represent  65  tribes  and  14  different  tribal 
mixtures.  In  order  to  enter  the  Institute  they  must  (according 
to  the  rule)  be  at  least  fourteen  years  old,  have  the  equivalent 
of  third  grade  schooling,  and  have  a  physician's  certificate  of 
good  health.  Most  of  the  students  need  government  aid  and  are 
admitted  without  tuition. 

It  is  important  in  this  connection  to  call  attention  to  the  fol- 
lowing: It  is  probable  that  the  full  bloods  represent  the  best 
type  of  pure  Indian,  the  lower  types  being  content  to  remain  at 
home  or  in  the  reservation  schools.  Attendance  at  Haskell  in- 
dicates the  presence  of  initiative  and  the  desire  to  progress.  The 
quarter  bloods,  on  the  other  hand,  probably  do  not  represent  the 
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best  of  their  grade.  The  more  alert  and  ambitious  near-whites 
will  find  their  way  in  the  world  without  attending  Haskell.  One 
should  not  overlook  the  possibility,  moreover,  that  the  white 
blood  present  in  the  various  hybrids  is  of  a  low  grade.  We  have 
no  evidence  that  negro  blood  is  present. 

The  selective  factors  commented  upon  in  the  above  paragraph 
will  tend  to  decrease  the  magnitude  of  discoverable  di£ferences  in 
intelligence  as  represented  in  the  various  degrees  of  Indian  blood, 
thus  making  the  following  data  even  more  significant  than  appears 
on  the  surface. 

We  ourselves  tested  no  white  subjects,  but  were  supplied  with 
extensive  data  by  Dr.  Arthur  Otis.  This  data  gave  us  a  correla- 
tion table  of  age  and  score  for  11,548  American  school  children. 
Of  these,  writes  Otis,  probably  100  were  colored.  No  informa- 
tion is  at  hand  concerning  social  status;  but  it  is  known  that 
approximately  the  same  number  of  students  were  selected  from 
the  various  grades  and  that  these  grades  come  from  79  schools 
widely  distributed  over  the  United  States.  The  ages  range  from 
eight  years  to  eighteen  years,  inclusive  (table  2).  In  addition 
Dr.  Otis  has  supplied  us  (in  1922)  with  the  records  of  151  fifteen- 
year-old  individuals  giving  the  scores  made  by  each  subject  on 
each  of  the  ten  tests.  The  median  Otis  score  for  the  group  is 
130  which  is  slightly  above  that  for  the  fifteen-year-olds  of  table  3. 
The  group  purports  to  be  a  random  sampling  for  the  age  in  ques- 
tion. These  data  enable  us  to  compare  the  average  white  score 
for  each  test  with  the  average  scores  for  the  several  degrees  of 
Indian  blood.  The  discussion  of  this  problem  will  be  foimd 
below,  page  266. 

ADMINISTRATION  OF  THE  TESTS 

The  tests  were  administered  by  the  members  of  the  Individual 
Psychology  class  of  the  University  of  Kansas  imder  the  direction 
of  the  writers  and  Miss  Elizabeth  Stark,  Instructor  in  Psychol- 
ogy.*   All  examinations,  with  the  exception  of  a  few  given  to 

'  We  wish  to  express  our  great  appreciation  for  the  help  rendered  by  Miss  Stark 
and  the  students  of  her  class. 
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subjects  absent  at  the  time  of  the  first  test,  were  given  without 
warning  to  the  students.  No  explanation  of  the  pxirpose  of  the 
tests  was  oflfered  other  than  occurs  in  the  printed  directions  which 
were  followed  literally.  When  the  students  were  assembled  in 
their  respective  class  rooms,  their  teachers,  who  remained  pre- 
sent throughout  the  examinations,  instructed  them  to  do  their 
best  on  the  questions  asked  them.  We  noted  no  sullenness  or 
unwilUngness  to  work.  No  more  nervousness  was  apparent 
that  is  expected  in  groups  taking  intelligence  tests.  It  is  parti- 
cularly to  be  noted  that  the  subjects  were  accustomed  to  school 
room  conditions. 

The  school  records  furnished  the  following  data  for  each  stu- 
dent: name,  age,  sex,  tribe,  degree  of  blood,  residence,  school 
grade,  and  total  number  of  months  of  schooling.  We  did  not 
succeed  in  ascertaining  social  status,  although  we  should  be 
willing  to  assume  its  inferiority  on  the  average  to  the  social 
status  of  the  whites.  If  anything,  we  should  expect  the  social 
status  of  the  near-whites  who  attend  Haskell  to  be  inferior  to 
that  of  the  near-Indians  who  attend,  although  this  is  almost  a 
bare  assumption. 

RESULTS  OF  THE  TESTS 

The  total  distribution  for  all  Indians  irrespective  of  degree  of 
blood  is  shown  in  figure  1.  The  scores  range  from  1  to  169  with 
the  median  at  82.64,  <r36.71.  For  purposes  of  comparison,  we 
have  selected  the  1366  cases  of  fifteen-year-old  whites  furnished 
by  Otis.  This  age  was  selected  partly  because  of  the  large  niun- 
ber  of  cases  which  it  contains  and  partly  because  there  were  very 
few  Indians  below  fourteen  years  of  age  (table  1).  The  median 
for  the  whites  is  122.58,  (r30.9.  The  difference  between  whites 
and  Indians  is  significant.  Tables  1  and  2  give  the  correlation 
tables  for  age  and  score  for  the  Otis  pure  white  data  and  for  the 
total  Indian  group. 

The  superiority  of  the  whites  over  the  Indians  taken  as  a  group 
is  further  shown  in  table  3  where  the  two  races  are  compared  for 
the  ages  fourteen  to  eighteen,  inclusive.  The  median  score,  <r, 
and  the  number  of  cases  (N)  are  shown. 
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The  correlation  formiila'  which  we  have  used  is  in  the  form 


n 


— C7,C7y 


(TrCTy 


-.    (In  all  correlations  involving  Indian  blood 


only  the  four  degrees  of  blood  above  stated  were  employed.    A 
greater  sub-division  would  in  all  probability  raise  the  coeffi- 


0713  ^5YEAR  OLD   DI5TRIBUTI0N  AND 
TCrpM.  INOiAN  OBTRia/nON 


Fig.  1 


cients.)  This  has  yielded  the  following  results  when  applied  to 
the  intercorrelation  of  the  four  significant  factors:  (1)  degree  of 
Indian  blood;  (2)  total  score  on  the  test;  (3)  age,  and  (4)  total 
months  of  schooling: 


r  12  =•  0.35  db  0.023 
ri8  -  0.14  db  0.024 
r  14  «  0.000 


r23  -  0.17  ±0.024 
r24  -  0.35  ±0.022 
r34  -  0.45  ±0.020 


*  Taken  from  Rugg,  H.  O.,  Statistical  Methods  applied  to  Education^  Boston, 
1917,  260. 
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The  indications,  therefore,  are  as  follows:  (1)  There  is  a  signifi- 
cant positive  relation  between  degree  of  Indian  blood  and  score, 

TABLE  1 
DiatrihiUion  of  Indian  scores  by  age  and  Otis  score 


R 

2 

$9 

^ 

9 

8 

s 

2 

I 

I 

1 

1 

s 

1 

1 

1 

^ 

i 

i 

1 

i 

i 

i 

11 

1 

1 

12 

1 

1 

2 

1 

13 

1 

2 

1 

2 

2 

1 

2 

2 

1 

1 

14 

5 

6 

4 

2 

6 

7 

8 

3 

3 

2 

2 

2 

4 

1 

16 

3 

8 

2 

9 

9 

10 

14 

11 

5 

5 

5 

7 

10 

5 

2 

2 

16 

3 

3 

5 

5 

7 

11 

17 

14 

12 

13 

3 

12 

10 

2 

5 

2 

1 

17 

2 

4 

4 

6 

7 

5 

6 

11 

18 

14 

15 

14 

6 

6 

4 

4 

18 

1 

4 

4 

8 

6 

14 

10 

9 

12 

10 

5 

10 

6 

4 

1 

3 

3 

19 

1 

6 

3 

4 

5 

4 

6 

10 

12 

11 

5 

8 

4 

4 

1 

3 

20 

3 

1 

1 

2 

1 

2 

4 

6 

4 

4 

6 

4 

1 

21 

2 

2 

1 

3 

1 

1 

2 

3 

1 

1 

1 

1 

TABLES 
DistrihuHon  of  Otis  scares  by  age  far  pure  whites 


§ 

S 

I 

I 

1 

I 

I 

I 

i 

1 

i 

i 

1 

1 

9 

1 

1 

ft 

i 

i 

1 

1 

8 

3 

15 

49 

63 

49 

34 

29 

32 

20 

7 

1 

9 

1 

26 

79 

68 

89 

92 

95 

88 

60 

36 

21 

14 

8 

2 

10 

3 

33 

43 

84 

104 

111 

100 

90 

82 

63 

41 

33 

17 

5 

5 

11 

2 

10 

22 

44 

76 

102 

95 

122 

143 

116 

134 

96 

68 

45 

18 

9 

4 

1 

12 

4 

15 

18 

54 

66 

78 

118 

148 

173 

148 

178 

165 

106 

68 

43 

28 

17 

6 

1 

1 

13 

3 

9 

17 

25 

44 

59 

79 

129 

149 

168 

196 

204 

175 

164 

125 

91 

45 

11 

3 

3 

14 

5 

10 

22 

31 

34 

51 

89 

131 

178 

318 

234 

205 

189 

171 

116 

78 

35 

11 

3 

15 

3 

5 

5 

12 

15 

19 

38 

77 

95 

151 

171 

186 

184 

133 

101 

75 

57 

24 

11 

4 

16 

4 

4 

9 

21 

33 

53 

90 

127 

128 

183 

142 

113 

122 

68 

45 

33 

7 

17 

1 

1 

9 

11 

25 

46 

66 

101 

112 

95 

112 

98 

51 

25 

5 

1 

18 

1 

3 

3 

10 

21 

28 

34 

53 

73 

63 

46 

32 

21 

5 

1 

the  score  falling  as  degree  of  white  blood  falls;  (2)  there  is  a  signi- 
ficant positive  relation  between  score  on  the  test  and  the  total 
number  of  months  of  schooUng  which  the  subject  has  had;  (3) 
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there  is  a  siinilar  relation  between  months  of  schooling  and  age 
(we  shall  make  certain  additional  comments  upon  these  factors 
on  page  273ff),  and  (4)  there  is  only  a  small  positive  relation  be- 
tween degree  of  blood  and  age  or  between  total  score  and  age. 

TABLES 
Comparison  of  whites  and  Indians  (all),  ages  H  to  18 


IfKD. 

0- 

N 

Fourteen  years 

Indian 

67.1 
113.6 

36.0 
20.59 

52 

Whites 

1915 

Fifteen  years 

Indian 

69.28 
122.58 

37.42 
30.9 

107 

Whites 

1366 

Sixteen  years 

Indian 

78.6 
135.0 

34.75 
28.26 

125 

Whites 

1182 

Seventeen  years 

Indian 

89.7 
140.78 

34.7 
25.99 

125 

Whites 

759 

Eighteen  years 

Indian 

79.0 
140.6 

37.4 
24.49 

110 

Whites 

394 

Substituting  the  above  correlation  values  in  the  partial  corre- 
lation formula, 

Vl  —  rfa  —  714  —  f34  —  2ri3ri4r84  "Vl  —  t^  —  ^34  ^  ^24  ""  2r28rs4r34 


^1284  = 


we  get  a  correlation  of  +0.41  for  degree  of  Indian  blood  and  total 
score  with  the  factors  of  age  and  months  of  schooling  constant. 

If  we  now  include  the  pure  whites  in  our  degrees  of  blood,  using 
the'  1366  fifteen-year-olds,  thereby  increasing  the  heterogeneity 
of  the  data,  the  Pearson  formula  gives  a  correlation  of  0.64  ±0.008 
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for  degree  of  blood  (from  pure  white  to  pure  Indian)  and  intel- 
ligence score.  In  order  to  reduce  the  niunber  of  cases  in  the 
fifteen-year-old  whites  to  a  quantity  about  equal  to  that  in  each 
degree  of  Indian  blood,*  we  next  took  the  distribution  as  given 
in  table  2  (for  the  fifteen-year-olds)  and  divided  each  unit  by  10. 
We  thereby  substituted  for  the  true  distribution  the  following 
one,  beginning  with  the  score  interval  30-39:  1,  1,  2,  1,  3,  7,  9, 
15, 17, 18, 18, 13, 10,  7,  6,  2, 1.  Using  these  white  data  and  that 
for  all  of  the  Indians  gives  a  correlation  of  0.51  ±0.017  for  degree 
of  blood  and  total  score  on  the  test. 

This  decrease  of  intelligence  score  with  increasing  amount  of 
Indian  blood  can  be  presented  in  other  forms.  Thus  table  4 
gives  the  25,  50,  and  75  percentile  total  scores  for  the  various 
bloods  and  figure  2  gives  the  total  distributions  for  each  blood. 


TABLE  4 
$$,  60,  and  76  percentile  scores  for  each  Hood 

PIUKXNTILB 

i BLOOD 

i BLOOD 

f BLOOD 

1  BLOOD 

25 
50 
76 

77.25 

109.3    <r34.0 
127.9 

68.0 

91.47  <r33.0 
117.9 

66.31 

77.76  <r36.0 
108.3 

36.8 

67.46  <r47.0 
94.36 

A  comparison  of  the  medians  indicates  a  slight  but  positive, 
consistent,  and  reliable  difference.  Figure  3  presents  this  graphi- 
cally, including  the  fifteen-year-old  whites. 

We  may  present  the  relative  standing  of  each  blood  further  by 
indicating  the  percentage  of  each  blood  testing  above  the  medians 
for  the  bloods  whiter  than  it.    Thus: 

14.4  per  cent  of  the  }  blood  tested  at  or  above  the  {  median 

36.3  per  cent  of  the  i  blood  tested  at  or  above  the  i  median 
43.0  per  cent  of  the  i  blood  tested  at  or  above  the  }  median 
23.0  per  cent  of  the  }  blood  tested  at  or  above  the  i  median 

36.4  per  cent  of  the  i  blood  tested  at  or  above  the  i  median 
36.3  per  cent  of  the  i  blood  tested  at  or  above  the  i  median 

*  This  was  suggested  by  Dr.  Curt  Rosenow,  Associate  Professor  of  Psychology, 
at  the  University  of  Kansas,  to  prevent  the  over-weighting  of  the  calculation 
with  white  blood. 
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S00RE5  BY  BLOOD 


FlO.  2 


Fig.  3 
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In  table  5  we  present  a  detailed  analysis  of  the  relation  of  degree 
of  Indian  blood  to  score  on  each  of  the  ten  individual  tests  making 
up  the  Otis  scale.*  The  data  are  also  included  for  the  151  fifteen- 
year-old  whites  referred  to  on  page  259.  An  examination  of  this 
table  indicates,  with  few  exceptions,  a  decreasing  score  in  the 
three  quartiles  as  degree  of  white  blood  decreases.  This  rela- 
tionship is  also  indicated  in  the  percentages  of  zero  scores.  Table 
5  also  makes  possible  for  each  test  the  following  illuminating 
types  of  comparison:  In  test  1,  50  per  cent  of  the  i  bloods  make 
a  score  only  attained  by  the  best  25  per  cent  of  the  |^  bloods.  Or 
again,  the  25  percentile  for  the  i  bloods  in  each  test  is  usually 
equal  to  or  above  the  median  for  the  J  bloods,  and  the  i  blood 
median  holds  about  the  same  relation  in  general  to  the  i  blood 
75  percentile. 

In  figure  4  the  medians  for  each  blood  in  each  test  are  repre- 
sented graphically  in  terms  of  percentage  of  the  possible  score 
on  that  test.  Thus  in  test  1,  where  the  possible  score  is  20,  the 
J  blood  median  is  50.5  per  cent  of  the  possible  score.  The  other 
percentages  are:  i  bloods,  47  per  cent;  |  bloods,  42  per  cent;  and 
I  bloods,  36  per  cent.  The  figure  also  contains  data  for  the  151 
whites  referred  to  in  connection  with  table  5.  The  figure  shows 
that  tests  4  (interpretation  of  proverbs),  5  (arithmetic),  and  6 
(directions  test  using  geometrical  figures)  were  in  general  the 
most  difficult  for  the  Indians.  Tests  4  and  6  were  also  the  more 
difficult  for  the  whites.  There  ia  some  individual  variation  in  this 
characteristic  of  relative  difficulty  among  the  Indian  groups. 
Thus  while  all  bloods  have  their  lowest  median  in  test  4,  tests  7 
(analogies)  and  9  (narrative  completion)  are  the  next  poorest  for 
the  i  and  f  bloods,  although  this  is  not  true  for  the  other  bloods. 
Tests  3,  5,  6,  8,  and  10  do  not  differentiate  the  five  degrees  of 
blood  so  well  as  the  other  tests. 

We  believe  that  it  is  impossible  to  conclude  from  the  present 
data  anything  concerning  the  specific  mental  processes  in  which 
the  Indian  may  be  inferior  to  the  white. 

*For  the  reader's  convenience,  the  following  list  of  the  ten  tests  is  offered: 
(1)  directions  test;  (2)  opposites;  (3)  disarranged  sentences;  (4)  proverbs;  (5) 
arithmetic  problems;  (6)  directions  test  with  geometrical  figures;  (7)  analogies; 
(8)  similarities;  (9)  narrative  completion;  and  (10)  logical  memory. 
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TABLES 
D<Ua  an  score  and  blood  on  each  of  the  ten  teste 


25  PBS  CXNT 


75  PBB  CBMT 


PBB  CBirr  0  BCOBB8 


Testl 

I 

8.0 

10.1 

11.7 

1.7 

i 

6.8 

9.4 

11.9 

3.6 

J 

6.6 

8.4 

11.3 

4.8 

i 

3.7 

7.2 

10.0 

16.6 

Total  medians. 


.8.8 
.3.8 


Blood  and  sooi 

rft 

f 

-0.28^0.023 

Whites 

10.7 

12.5 

14.4 

0.60 

Test  2 

i 

7.8 

11.3 

15.3 

2.6 

i 

7.93 

10.6 

14.6 

3.6 

i 

5.6 

9.7 

13.4 

5.6 

t 

2.7 

8.1 

11.8 

17.2 

Total  medians. 


.9.2 
.6.9 


Blood  and  sooi 

re 

f 

0.11  db  0.023 

Whites 

11.0 

14.9 

17.8 

2.0 

Test  3 

i 

8.1 

11.7 

14.5 

5.3 

i 

6.0 

10.8 

14.3 

7.8 

1 

5.9 

9.5 

12.7 

11,9 

i 

2.7 

8.0 

11.1 

15.0 

Total  medians. 


.8.0 
.4.9 


Blood  and  scoi 

•f^ 

1 

•0.31  dr  0.023 

Whites 

10.6 

12.8 

15.9 

0.6 

Test  4 

i 

2.7 

6.4 

8.7 

9.0 

i 

1.7 

3.7 

7.3 

15.4 

i 

1.1 

2.7 

5.3 

23.2 

J 

0.0 

2.3 

4.8 

27.9 

Total  medians. 


.3.0 
.4.1 


Blood  and  scoi 

•ft 

1 

•0.24  ±0.024 

Whites 

5.6 

9.6 

12.7 

3.3 

Digitized  by 


Google 


268 


WALTEB  S.  HUNTER 


TABLE  6— CofOtniMtf 


75PBBCXMT 


rBmcnrrOicoRBB 


Test  6 

i 

7.6 

10.0 

12.2 

1.7 

i 

6.7 

9.3 

11.6 

0.0 

} 

6.3 

8.4 

10.9 

0.0 

i 

6.3 

7.3 

10.1 

0.3 

Total  medians. 


.7.2 
.3.4 


Blood  and  scoi 

f\ 

0.26  db  0.024 

Whites 

10.3 

13.0 

16.9 

0.00 

Test  6 

I 

6.3 

7.6 

8.9 

1.7 

i 

4.8 

6.8 

8.6 

1.6 

i 

4.3 

6.3 

8.1 

4.2 

i 

3.4 

6.7 

7.7 

6.6 

Total  medians. 


.6.3 
.2.8 


Blood  and  scoi 

rft 

1 

-0.21  ±0.024 

Whites 

7.4 

8.8 

10.7 

0.00 

Test  7 

i 

6.8 

11.6 

14.8 

9.8 

1 

6.6 

9.6 

13.6 

8.3 

} 

3.3 

7.2 

11.9 

12.6 

i 

1.4 

6.1 

10.6 

22.9 

Total  medians. 


.7.0 
.6.4 


Blood  and  score. . 

r 

0.27:1:0.023 

Whites 

11.3 

13.6 

16.6 

0.6 

Test  8 

i 

9.2 

11.4 

13.8 

7.1 

i 

7.6 

10.4 

13.4 

2.6 

6.3 

9.9 

12.6 

9.1 

i 

3.8 

8.7 

11.7 

9.4 

Total  medians. 


.9.7 
.4.6 


Blood  and  scoi 

pft 

r 

0.24  ±0.024 

Whites 

9.9 

11.8 

13.2 

1.3 
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75  PBB  CBNT 


PBB  CEMT  0  BCOBBB 


Test  9 

i 

6.8 

12.1 

18.6 

6.3 

i 

6.7 

9.0 

14.1 

10.9 

i 

3.6 

6.1 

10.5 

14.1 

f 

1.6 

5.6 

10.4 

22.3 

Total  medians. 


.10.3 
..6.6 


Blood  and  scoi 

•p, 

...r0.32±  0.023 

Whites 

11.6 

17.3 

21.0 

3.9 

Test  10 

I 

13.9 

17.5 

20.9 

0.0 

i 

13.1 

16.4 

19.8 

0.0 

i 

10.3 

14.9 

17.7 

0.0 

1 

9.3 

13.3 

16.8 

0.0 

Total  medians. 


.14.9 
..4.9 


Blood  and  scoi 

re 

f 

0.32  d:  0.023 

Whites 

16.2 

19.5 

22.6 

0.0 

HEDIKV  SCORES  BY  BLOOD  FOR  EACH  TEST 
III  PERCEWTACES  OF  THE  P0SSJ6LE  SCORES 
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So  far  the  results  presented  have  concerned  the  following  prob- 
lems: (a)  the  comparison  of  pure  whites  and  the  entire  Indian 
group;  (6)  the  comparison  of  pure  whites  and  the  various  degrees 
of  Indian  blood ;  and  (c)  the  comparison  of  degrees  of  blood  within 
the  Indian  group  itself.  In  each  case  the  data  employed  have 
been  either  certain  percentiles  or  else  the  distributions  as  wholes. 
Dr.  Otis,  however,  has  kindly  furnished  us  with  a  table  of  age 
norms  derived  from  the  distribution  given  above  in  table  2. 
These  norms  make  possible  a  comparison  of  the  various  bloods - 
with  reference  to  the  numbers  testing  below,  at,  and  above  age. 
The  norms  are  as  follows: 


▲as 

XrOaiiAL  8COBB  IK  POIMTB 

Yean 

MontliB 

14 

5 

117 

14 

7 

118 

14 

8 

119 

14 

10 

120 

15 

121 

15 

2 

122 

15 

4 

123 

15 

6 

124 

15 

9 

125 

16 

1 

126 

16 

5 

127 

16 

10 

128 

17 

4 

129 

18 

130 

Quoting  from  Otis's  letter:  "This  table  allows  for  the  fact  that 
the  pupils  of  the  upper  years  who  are  in  school  are  selected,  duller 
pupils  being  dropped  out  of  school.  Intelligence  is  assumed 
to  cease  growth  after  eighteen  years.  Therefore  the  norm  for  all 
ages  above  18  is  taken  as  130  points." 

The  total  scores  for  the  individual  Indians  of  each  chronological 
age  were  compared  with  these  norms,  and  the  percentage  testing 
below,  at,  or  above  age  for  each  degree  of  blood  is  given  in  table 
6.  These  results  are  shown  graphically  in  figure  5.  The  per- 
centage falling  exactly  at  age  is  small  and  relatively  imimportant. 
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TABLE e 
Percentage  of  Indians  testing  helow,  at,  or  above  age 


BLOOD 

BXLOW  Aoa 

ATAOB 

ABOTfl  AOa 

peremt 

percent 

percent 

i 

93.2 

2.2 

4.6 

! 

00.9 

0.7 

8.4 

i 

81.6 

1.0 

17.4 

i 

74.3 

0.0 

26.7 

SH0IMN6  KRCE>ITd  OF 

INDIANS  TESTING  AT  Oft 

Aaa/E,,ANO  BELOW 

OTV  NORMS. 


faJCTjC 


B^X 


{io.^%     ^SIjlx 


Fio.  5 
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This  is  not  true  of  the  two  large  classes  of  above  and  below  age. 
Here  we  find  a  direct  relation  to  the  degree  of  Indian  blood,  the 
number  below  age  decreasing  and  the  number  above  age  in- 
creasing with  an  increase  in  amount  of  white  blood. 

The  percentages  of  Indians  testing  below  the  eight-year  norm 
for  white  children  are  also  interesting.  Inasmuch  as  no  subject 
was  less  than  11  years  old  (and  only  five  at  this  age),  these  per- 
centages suggest  the  relative  numbers  who  had  an  I.Q.  of  70  or 
less.  The  percentages  again  vary  with  the  degree  of  Indian 
blood  and  are  as  follows: 


PBB  CSMT  BILOW  BIOBT-TKAB  KOBMAL 


25.9 

11.2 
6.9 
5.5 


The  only  published  report*  on  the  relative  intelligence  of  whites 
and  Indians  is  that  by  Rowe  on  the  Indians  at  Mt.  Pleasant, 
Michigan.'  Rowe  used  the  Binet-Simon  scale  on  547  white  and 
268  Indian  children,  taking  no  account,  however,  of  variations  in 
degree  of  Indian  blood.  The  percentage  of  Indians  testing  at 
age  was  4.6  per  cent,  below  age  94.2,  and  above  age  1.2  per  cent. 
These  results  are  shown  graphically  with  the  Haskell  results  in 
figure  6.  The  agreement  between  the  two  investigations  holds  in 
spite  of  differences  in  the  scales  employed  (individual  vs.  group) 
and  in  spite  of  different  methods  of  determining  mental  age 
(point  vs.  age  scale). 

*  Since  this  statement  was  written,  T.  R.  Garth  has  published  a  study  on 
"The  results  of  some  tests  on  full  and  mixed  blood  Indians"  in  the  Journal  of 
Applied  Psychology,  1921,  v,  359-372.  Three  hundred  and  eighty-four  subjects 
composed  of  the  two  groups  of  pure  and  mixed  blood  were  given  4  association 
tests,  3  memory  tests,  and  2  word  building  tests.  On  all  9  tests  the  mixed  bloods 
made  a  significantly  higher  average  performance  than  did  the  full  bloods. 

'  Rowe,  E.  C,  Five  hundred  forty-seven  white  and  two  hundred  sixty-eight 
Indian  children  tested  by  the  Binet-Simon  tests.    Fed.  Sem.,  1914,  xxi,  454-468. 
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INTERPRETATIVE  DATA  AND   COMMENTS 

In  seeking  an  explanation  of  the  differences  found  between 
whites  and  Indians  and  between  Indians  of  various  degrees  of 
white  blood,  the  following  factors  must  be  considered :  age,  sex, 
social  status,  total  months  of  schooling,  grade  in  school,  and  a 
racial  factor  which  may  be  either  one  of  general  intelligence  or  one 
of  temperament.  The  possible  r61e  of  these  various  factors,  we 
shall  discuss  in  the  above  order. 


On3  AND  ROWE:  f=^E5ULTS--  PERCENTTS  OF  INDMD'UALd 
TESTING  AT,ABOVE,AND  BELOW  AGE. 


1 


aE.1.0«V  Alt 

MAAKEU.  ACOUL'RS  OT  OTB  71919 


Fig.  6 

1.  Score  on  the  Otis  test  correlates  with  age  for  the  total 
Indian  group  plus  0.17d:0.024.  In  comparing  whites  and 
Indians,  age  was  equalized  by  considering  the  same  a^es  (table 
3).  The  age  factor  was  also  kept  constant  in  the  partial  correla- 
tion within  the  Indian  group.  As  further  evidence  against  the 
adequate  explanatory  value  of  age,  the  following  tabulation  in- 
dicating no  essential  variation  in  the  age  distributions  of  the 
various  bloods  is  offered: 
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50  per  cent  of  7  are  between  16}  and  18  years  11  months 

Range:  12}  years  to  22}  years 
50  per  cent  of  }  are  between  15}  and  18}  years 

Range:  11  to  23  years 
50  per  cent  of  }  are  between  15}  and  18  years  11  months 

Range:  11  to  21  years 
50  per  cent  of  }  are  between  15}  and  17}  years 

Range:  11}  to  20  years 

2.  We  have  no  data  on  sex  for  the  white  subjects.  Withm  the 
Indian  data^  it  is  possible  that  one  sex  was  superior  to  the  other 
and  that  the  superior  sex  was  present  in  increasing  numbers  as 
the  degree  of  white  blood  increased  in  the  samples  used.  Table  7, 
showing  the  median  scores  for  the  two  sexes  in  the  several  bloods, 
indicates  that  the  factor  of  sex  does  not  account  for  the  racial 

TABLE? 
Median  sewres  for  ike  itoo  sexes 


BQTB 

OIBLi 

BX.OOD 

Med. 

9 

N 

Med. 

9 

N 

117.5 

42.0 

41 

109.0 

30.5 

60 

85.1 

32.5 

82 

94.6 

33.0 

104 

70.1 

30.25 

63 

86.0 

33.5 

82 

60.8 

34.06 

163 

71.9 

35.7 

99 

All 

71.1 

36.05 

349 

85.1 

35.7 

354 

differences  foxmd.  Although  there  is  no  consistent  age  difference 
between  the  sexes,  the  girls  are  slightly  superior  to  the  boys  in 
all  bloods  save  the  one-quarter.  Each  sex  shows  a  decrease  in 
median  score  with  a  decrease  in  amount  of  white  blood.  This 
fact  outweighs  in  importance  the  tendency  for  the  slightly  more 
intelligent  sex  (girls)  to  predominate  numerically  in  the  whiter 
bloods. 

3.  It  was  impossible  to  secure  data  on  social  status.  As  in- 
dicated previously  in  this  paper,  the  Indian's  social  environment 
is  probably  inferior  to  that  of  the  white  children.  Within  the 
Indian  group,  it  is  possible  that  social  status  rank  decreases  with 
increase  of  Indian  blood.  It  is  to  be  remembered  also  that  in- 
ferior social  status  may  well  be  the  result  of  low  intelligence  rather 
than  its  partial  cause. 


Digitized  by 


Google 


INDIAN  BLOOD  AND  OTIS  INTBLLIGENCE  TEST 


275 


4.  The  factor  of  total  months  in  school  was  controlled  within 
the  Indian  group  by  partial  correlation.  Table  8  gives  correla- 
tions for  score  and  months  in  school  for  the  various  bloods.  Each 
blood  shows  a  significant  positive  correlation,  but  there  is  no 

TABLES 
CorreUUions  of  score  and  total  months  of  schooling 


BLOOD 

r 

P.E. 

i 

0.276 

0.059 

\ 

0.38 

0.041 

\ 

0.42 

0.045 

i 

0.32 

0.037 

MEDIAN  5C0RE5     FOR 
EACH  GRADE 


Fig.  7 


consistent  increase  from  blood  to  blood  as  would  be  expected  if 
this  were  a  prominent  causal  factor  in  the  relation  of  blood  and 
score.  If  the  relation  of  score  and  blood  were  being  considered 
merely  between  whites  and  Indians^  the  probable  later  start  and 


Digitized  by 


Google 


276 


WALTER  8,  HUNTEB 


more  irregular  attendance  of  the  Indians  would  be  a  matter  of 
concern.  It  is,  however,  highly  improbable  that  such  differences 
are  constant  within  the  Indian  group  itself.  The  range  in  dis- 
tribution for  each  blood  is  practically  the  same,  11  months  to 
140  months,  with  the  middle  50  per  cent  falling  between  58  and 
94  months. 

5.  With  reference  to  the  relation  between  school  grade  attained 
and  degree  of  Indian  blood,  the  following  tabulation  offers  the 
facts: 


BLOOD 

OBADB 

i 

i 

i 

i 

Unclassified 

14 

4 

2 

2 

4 

29 

7 

6 

3 

5 

41 

22 

26 

9 

6 

44 

28 

33 

12 

7 

66 

33 

26 

27 

8 

26 

19 

26 

12 

9 

18 

3 

14 

9 

10 

16 

12 

28 

16 

Jr. 

10 

7 

13 

14 

Sr. 

11 

8 

14 

6 

25  per  cent 

6th 

6th 

6th 

7th 

60  per  cent 

7th 

7th 

8th 

8th 

76  per  cent 

8th 

8th 

10th 

10th 

This  indicates  a  slight  tendency  for  the  near-whites  to  be  found 
in  the  higher  grades.  That  the  trend  is  not  more  evident  is  prob- 
ably due  to  local  conditions,  such  as  the  tendency  to  urge  all 
students  as  far  as  possible  through  the  course.  However,  the 
brighter  individuals  of  each  blood  do  tend  to  be  found  in  the 
higher  grades,  as  is  indicated  in  figure  7  which  shows  the  median 
score  for  each  grade.  It  is  to  be  remembered,  to  be  sure,  that 
grade  attained  is  probably  not  so  much  a  cause  as  a  result  of 
higher  intelligence. 

6.  In  spite  of  the  fact  that  we  do  not  know  all  of  the  behavior 
components  entering  into  the  determination  of  performance  in 
such  a  situation  as  the  Otis  Scale  presents,  the  chief  explanatory 
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possibilities  in  our  problem  reduce  to  tempermental  and  intelli- 
gence differences  due  to  race.  By  our  observation  of  the  man- 
ner in  which  the  students  worked  upon  the  tests  and  by  the 
fact  that  all  are  accustomed  to  school  work^  we  are  led  to  dis- 
credit any  possible  racial  differences  in  temperament  as  the  causal 
factor  involved  in  producing  the  differences  in  score. 

CONCLUSION 

There  is  a  positive  correlation  between  increasing  degree  of 
white  blood  in  the  American  Indian  and  score  on  the  Otis  intel- 
ligence test  which  would  seem  to  indicate  a  racial  difference,  prob- 
ably of  intelligence  although  possibly  of  temperament. 
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THE  IMMEDIATE  PSYCHOLOGICAL  EFFECTS  OF 
TOBACCO  SMOKING* 

DAVID  JUKE  CARVER 
INTRODUCTION 

The  work  reported  in  this  paper  was  done  in  the  psychological 
laboratory  of  the  Johns  Hopkins  University  during  the  year 
1919-1920.  The  reactors  employed  were  undergraduate  students 
in  the  university,  with  the  addition  of  the  writ^  and  one  other 
member  of  the  department  staff.  On  account  of  the  use  of 
students,  it  was  impossible  to  control  the  time  distribution  of  the 
reactors  as  thorou^y  as  is  desirable,  yet  in  general,  the  periods 
for  each  reactor  were  so  arranged  that  he  woriked  at  the  same 
hour  of  the  day  throughout,  with  few  exceptions.  Moreover, 
it  was  not  possible  to  keep  the  subjects  under  control  outside  of 
the  working  hours,  as  should  be  done  in  ideally  perfect  experi- 
ments. By  careful  and  systematic  questioning,  however,  it  was 
ascertained  that  the  conditions  of  Uving  and  working  were 
fairiy  constant,  and  on,  days  when  any  unusual  conditions  of 
health  or  work  had  been  experienced,  testing  was  omitted. 

The  reactors  were  given  specific  instructions  concerning  the 
imiformization  of  their  daily  routine,  and  in  particular,  were 
instructed  not  to  smoke  on  test  days  before  conaing  up  for  1^ 
test.  This  instruction  was  regularly  observed,  except  in  a  few 
cases,  concerning  which  notes  were  made  in  the  records.  On 
intervening  days,  and  on  test  days  after  the  tests  were  over, 
'^smokeis''  were  permitted  to  smoke  their  usual  amounts.  ''Non- 
smokers,''  of  course,  did  not  smoke  at  any  time  except  in  the 
tests  in  which  smoking  was  used. 

1  The  expenses  of  this  research  were  in  part  defrayed  by  the  Committee  to 
Study  the  Tobacco  Problem,  but  the  responsibility  for  the  planning  and  execution 
of  the  woik,  9md  for  the  tonciamam,  retin  solely  with  the  author  aod  Fvofesior 
DoBtep. 

ooMVABAnTs  i9TaamA9T,  TQL.  n,  no.  4 
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Prejudicing  the  reactors  in  regard  to  the  tests  was  carefully 
avoided.  They  were  informed  that  we  had  no  expectation  as 
to  results,  and  also,  that  differences  in  results  between  smoking 
and  non-smoking  days,  and  between  before-smoking  and  after- 
smoking  results,  might  well  occur  on  account  of  many  factors 
other  than  the  smoking.  It  was  also  made  clear  that  neither 
the  author  nor  the  director  of  the  laboratory  had  any  views, 
positive  or  negative,  as  to  the  harmfulness  of  smoking. 

After  the  total  work  on  each  reactor  had  been  completed,  he 
was  questioned  as  to  his  own  attitude  toward  tobacco  using  in 
general,  and  smoking  in  particular.  Obviously,  it  would  have 
been  prejudicial  theoretically,  to  ask  the  reactors  before  their 
work  was  finished.  Most  of  the  reactors  professed  to  have  no 
definite  opinion  on  the  matter,  and  no  concern. 

The  experiments  made  bore  solely  on  the  immediate  effect  of 
smoking.  The  further,  and  important,  matter  of  later  effects: 
and  of  the  effect  of  habituation  to  smoking,  and  of  the  cessation 
of  smoking,  are  left  for  further  investigation.  Moreover,  the 
results  bear  only  on  certain  selected  phases  of  the  immediate 
mental  effect,  and  do  not  purport  to  cover  the  whole  ground. 
In  general,  the  experiments  bear  on  efficiency  in  certain  mental 
operations,  rather  than  on  the  details  of  those  operations. 
f  Eight  types  of  test  were  used,  namely:  card-Borting;  two  sorts 
'  of  mathematical  work  (addition  and  multiplication) ;  the  opera- 
tion of  an  adding  machine  in  ordinary  listing;  an  association 
reaction  (opposites);  dart  throwing;  the  steadiness  test;  and 
billiard  playing.  These  tests  are  described  in  detail,  with  the 
results,  below. 

In  order  to  obtain  measurements  with  and  without  tobacco 
effects  (if  any),  two  procedures  were  adopted.  In  the  alternate 
day  procedure,  the  reactors  were  required  on  one  day  to  smoke 
before  taking  the  tests,  on  the  next  day  to  take  the  test  without 
smoking,  and  so  on  alternately.  In  the  before  and  after  procedure, 
the  experimental  hour  was  divided  into  two  work  periods,  with 
a  "smoking"  or  "resting"  period  between.  One  one  day  the 
reactor  smoked  during  the  interval;  on  the  next  day  he  rested 
without  smoking.  These  two  procedures  were  used  as  a  check 
on  each  other. 
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The  amount  of  smoking  in  each  test  was  not  thoroughly  stand- 
ardized. Each  reactor  smoked  either  one  cigar,  or  three  cigar- 
ettes during  each  smoking  test.  The  cigarettes  were  of  a  well 
known  brand;  the  cigar  a  standard  Key  West,  Colorado-Claro 
of  medium  weight.  Cigars  were  smoked  down  to  one-quarter 
or  less;  cigarettes  to  stubs. 

While  we  had  planned  more  definite  standardization,  we  f  oimd 
that  fine  control  of  the  tobacco  itself  would  be  meaningless. 
Smokers  vary  so  much  in  the  relative  time  of  holding  smoke  in 
the  mouth,  and  the  depth  to  which  it  is  taken  in  the  mouth, 
throat,  and  limgs,  that  a  mere  standardization  of  the  weight  of  leaf 
consumed  would  give  only  a  misleading  appearance  of  accuracy. 

I.  TESTS  OF  SPEED  AND  ACCURACY 

1.  Card  sorting 

The  primary  material  for  this  test,'  as  devised  by  Dr.  Dunlap, 
consisted  of  two  packages  of  standard  sized  playing  cards,  each 
of  which  was  pimched  centrally  with  a  diamond  shaped  hole, 
the  diameters  of  which  were  2.5  cm.  and  1.2  cm.  respectively. 
These  cards  were  pimched  in  four  ways,  viz. :  with  the  long  dia- 
meter of  the  diamond  (1)  in  the  long  diameter  of  the  card,  (2)  in 
the  short  diameter  of  the  card,  (3)  diagonally,  from  upper  right 
to  lower  left,  (4)  diagonally,  from  upper  left  to  lower  right.  One 
quarter  of  the  cards  were  punched  in  each  of  these  ways,  and 
the  cards  were  always  faced  the  same  way,  in  order  to  keep  the 
two  diagonally  pimched  cards  equal  in  number. 

In  conjunction  with  these  cards,  a  receptacle  consisting  of  a 
row  of  five  stalls,  was  used.  The  cards,  thoroughly  shuffled  by 
a  standardized  routine,  were  placed  in  the  stall  at  the  extreme 
left,  and  the  reactor  was  required  to  take  the  cards  off  the  stack 
one  at  a  time  with  the  left  hand:  then,  still  holding  the  card 
with  the  left  hand,  to  "feel"  the  hole  with  the  finger  of  the  right 
hand,  and  after  identifying  it,  to  place  it  with  the  right  hand  in 
the  proper  one  of  the  four  remaining  stalls. 

*  Johnson,  B.    Jour.  Gompar.  Psychol.,  1922,  ii,  163. 
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The  receptacle  vtbb  fastened  on  a  small  table  in  a  standardised 
position  with  regard  to  the  reactor.  A  rectangular  adjustable 
screen  was  so  placed  that  the  reactor  could  not  see  his  hands  or 
the  cards  at  any  time,  but  could  see  the  tops  of  the  backs  of  the 
stalls  and  the  indicators  (sample  cards)  fastened  to  each  of  the 
four  stalls  in  which  cards  were  to  be  placed.  The  screen  allowed 
the  reactor  perfect  freedom  in  manipulating  the  cards,  but  com- 
pelled him  to  sort  the  cards  by  '^feeling/' 

The  advantages  in  this  form  of  discrimination  test  lie  in  the 
avoidance  of  eye^^ain  and  other  purely  visual  difficultaes.  So 
far  as  correlation  of  fatigue  and  attention  is  concerned,  the  test 
is  at  least  as  satisfactory  as  a  visual  sorting  test  tmder  the  best 
condition  of  vision. 

In  the  "alternate  day"  procedure,  each  realtor  (except  reactor 
VI)  sorted  the  cards  five  times  each  day,  working  on  a  ten- 
minute  "headway."  That  is:  the  "hour*^  (fifty  minutes)  was 
divided  into  five  ten-^minute  periods.  At  the  beginning  of  each 
period,  the  cards  being  in  readiness  in  the  left  stall,  the  reactor 
began  to  sort  the  cards.  His  time  was  taken  with  a  stop  watch 
from  the  beginning  to  the  placing  of  the  last  card,  and  following 
this  the  errors  were  recorded,  the  cards  reshuffled  and  placed  in 
position  for  the  next  sorting,  and  the  subject  rested.  Reactor  VI 
followed  the  same  general  procedure,  but  sorted  the  cards  seven 
times  on  each  day. 

In  the  "before  and  after"  plan,  the  hour  was  divided  into  three 
"before"  periods  of  eight  minutes  each:  a  "smoking**  or  "resting" 
period  of  twelve  minutes,  and  three  eight-minute  "after"  periods. 
In  other  words,  the  reactor  sorted  three  times  on  an  eight  minute 
headway  before  smoking  (or  resting)  and  three  times  afterwards, 
on  the  same  headway. 

In  all  of  the  tables  which  follow,  L  following  the  reactor^s 
ntmiber  indicates  habitual  cigarette  smoker,  r.  habitual  cigar 
smoker,  p.  habitual  pipe  smoker,  and  n.  indicates  non-smoker. 
Where  a  reactor,  not  a  habitual  cigar  smoker,  smoked  a  cigar  in 
the  test,  this  is  indicated  by  (r.),  and  smoking  of  cigarettes  in 
the  test  by  a  reactor  not  a  habitual  cigarette  smoker,  is  indicated 
by  (t). 
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The  resultB  of  the  card  sorting  test  seem  to  show  that  errors  in 
the  discrimination  are  increased  after  smoking.  Every  reactors, 
except  one,  in  the  alternate-day  test,  made  more  errors  on  the 


TABLE  1 
Card  sorting:  Aliemaieday9 


NON-flllOXINO 

SMOKIKQ 

XIACVOB 

DATS 

Time 

Eiror 

Time 

Error 

It. 

4-4 

2'    28" 

1.25 

2'    34" 

1.3 

11  r. 

3^ 

2'    15" 

1.00 

V    57" 

1.46 

Ult. 

3^ 

2'    41" 

0.73 

2'    30" 

1.35 

IV  n.  (t.) 

&-6 

2'    42" 

0.84 

2'    38" 

0.84 

V  n.  (t.) 

6^ 

3'    28" 

0.3 

3'    63" 

0.43 

Ylt. 

^ 

3'    21" 

0.52 

3'    00" 

1.18 

TABLE  2 
Card  sorting:  Before  and  after 


DATS 

xsanxe 

fllCOKIMO 

BSACrOB 

Before 

After 

Before 

After 

Ayerase 

Error 

Average 

Error 

Average 

Error 

Averaie 

Error 

1 1. 

3-3 

2' 

01" 

0.22 

2' 

02" 

0.22 

2' 

07" 

0.11 

2' 

06" 

0.77 

II  r. 

3n3 

V 

39" 

0.88 

V 

39" 

0.66 

1' 

41" 

0.83 

1' 

40" 

0.92 

Ill  n.(t.) 

4h3 

3' 

04" 

0.33 

3' 

03" 

0,0 

3' 

02" 

0.11 

3' 

06" 

0.22 

IV  n.(r,) 

5-4 

4' 

07" 

0.93 

3' 

52" 

1.4 

3' 

54" 

1.41 

3' 

49" 

2.41 

V  t. 

3-3 

3' 

38" 

.0 

3' 

34" 

0.33 

3' 

35" 

0.11 

3' 

36" 

0.55 

VI  r. 

3^ 

3' 

27" 

5.0 

3' 

30" 

4.55 

3' 

31" 

5.77 

3' 

15" 

7.33 

VII  «. 

3-3 

4' 

37" 

0.22 

4' 

31" 

0.44 

4' 

26" 

0.0 

4' 

07" 

0.0 

Vlll  t. 

4-4 

2' 

10" 

1.25 

2' 

07" 

1.66 

2' 

05" 

1.16 

V 

57" 

1.83 

IX  n.ir.) 

3-3 

3' 

29" 

0.88 

3' 

28" 

2.22 

3' 

34" 

0.55 

3' 

43" 

1.66 

X  n.{r.) 

5-4 

4' 

19" 

1.46 

4' 

16" 

1.46 

4' 

^" 

1.08 

4' 

19" 

1.5 

XI  t. 

5n5 

4' 

44" 

3.74 

4' 

21" 

3.06 

3' 

59" 

3.2 

3' 

55" 

2.46 

XII  r. 

4-4 

2' 

13" 

0.41 

2' 

12" 

1.33 

2' 

14" 

0.41 

2' 

15" 

0.33 

3' 

17" 

3' 

12" 

3" 

12' 

3' 

09" 

smoking  than  on  the  non-smoking  days.  In  the  before-and- 
after  test,  reactors  I,  II,  III,  VI  and  X  made  the  same,  or  fewer 
errors  after  resting  thaji  before  resting,  but  made  more  errors 
after  smoking  than  before  smoking.  But  IV,  V,  VIII  and  IX, 
while  making  more  errors  after  smoking,  also  made  more  after 
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resting.  Reactors  VII  and  XII  made  more  errors  after  resting, 
fewer  or  the  same  after  smoking,  while  reactor  XI  made  fewer 
after  both  resting  and  smoking.  A  comparison  of  the  after- 
smoking  with  after-resting  errors,  shows  no  consistent  variation, 
and  no  greater  variation  than  is  shown  by  the  comparison  of  the 
before-smoking  and  before-resting  errors. 

A  study  of  the  distribution  of  errors  within  the  working  period, 
and  of  the  variations  in  the  sorting  times  through  the  periods, 
shows  no  systematic  or  uniform  effect  of  the  smoking. 

On  the  whole,  therefore,  the  only  conclusions  from  these  tests 
are  (1)  that  there  may  be  a  slight  tendency,  in  the  case  of  some 
subjects,  to  increase  error  in  discrimination  after  smokiag,  but 
that  tests  of  the  character  of  card  sorting  are  not  competent  to 
show  this  clearly.  (2)  That  if  there  are  any  effects  of  smoking 
on  the  speed  of  the  discriminating  reaction,  tests  of  this  character 
are  not  competent  to  show  them.  We  would  suspect  any  results 
of  similar  tests,  purporting  to  show  either  favorable  or  unfavor- 
able effects  of  smoking,  to  be  due  to  faults  of  experimental  tech- 
nique, or  to  the  employment  of  exceptional  subjects.  We  consider 
it  quite  probable  that,  with  less  careful  control  of  suggestion, 
and  of  other  matters  of  technique,  either  type  of  result  might 
have  been  obtained  in  these  experiments.  The  results  of  these 
experiments  showed  that  it  was  useless  to  continue  this  test. 
It  is  true  that  the  tests  as  given  cover  the  practice  period,  or 
period  in  the  reactor's  work  within  which  improvement  in  speed 
was  being  made.  There  is,  however,  nothing  in  the  detailed 
data  to  warrant  the  conclusion  that  definite  effects  can  be  dis- 
covered by  the  test,  after  the  learning  period  is  over,  and  the 
sorting  process  well  mechanized;  and  we  do  not  consider  it  worth 
while  to  undertake  longer  series  on  this  particular  test. 

2.  Addition  teat 

The  material  used  in  this  series  of  tests  was  the  two  forms  of 
the  Dimlap  number  work  test,  each  consisting  of  a  sheet  contain- 
ing 16  lines  of  45  digits  each,  so  arranged  that  each  of  the  9  digits 
(excluding  zero)  appeared  five  times  in  each  line.    At  the  left 
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09       e«  ^C«  ^b- 


^«  •.^f     o  ^  » 


»  •      «o ''^ Q  «4  ,^fO  ^o»      eo  'tis. 


«4       fr*       «4       «  "^iwV^       o^w^ 

„^  ,^      eo*t^ 

r- ,r-      o»      CO  ^^cSV^    t»      « 

m^'^t*        to         ^  t»        «  ^^        to 

^^"^tO        ^        t^  "^O*  ^^0&*      '•i        CO 

•^l*       M  ,^  ,U»  CO        f-*  «.^        « 

^^^'o*  „^  ,•      M  Vn«  '^^      eo'^to^ 

*>iw      ri»      t»  ,^  ,^te  ^«V»»      «* 

t»        CO        M^t*  ^«        ^^'W*'.^ 

„^      ^  ^^      CO  ^o»  ^JO      t»^^>^** 

'^  e«  ^^*^*«     fH  *^«  ^!V^     CO 

^'•i      o»t^      CO  ^^     CO      •^^j:* 

«  ^^      CO  .^  «      «  ^to •'^ 

•o      o»      f      »  ^•**W^^^      e« 

>•  ,^  ^co  xjo  ,^      coV^O^*^^ 

«H        •  ,^  „^  '•i        CO    ^       t» 

fO  «fao      co^(n»  •^^'"^^     €^^      «D 


CO  ^  <i^  ^ 
„^e«  t*  «H  lA 
Vo«  >^  ,^      c^ 

«0        CO        fO^^^ 
,^Cf        CO 


^>^co^ 

o-3>a 


^ 


lo'^'^^C^     CO 

.^co  *       *  ^JO 

«4  00  ^00        CO 

CO  ^•^•W*'*%ii 

e*  lO      lO      le 

to  <D        CO        to 

eo  to     t-^oo 


to'^S^^Ji^     *o 

^^J>     ^        lO        CO 
CI        to    ,«^        40 

«»  ^ei  ^*^  ^ci 

^  •"S^  • 

•H        00    j^       CO 

v^  ,^  **io\^ 

**^*^      CO  ,^^ 

o»"^t*  ,,«o**ftafc 

,,^^tO  ^  rm 
^*^*^    *-•  *^^tXc^ 

•^^  eo^to  ^ 
^^■•^o*-*^     00      wm 

^e»  ,^     9^      eo 


B 

H 

rS? 
OQ 

i 

t 

i 

< 


^v^i^^       fi^^*^       ^^^*^       tVw^i.'^ 

^>^^;;^     '•-^^-^     -^-^-v.^     ^^-^^ 
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of  each  line  appeared  a  key-number,  and  the  subject  added  digits 
till  he  obtained  an  amount  equal  to  or  greater  than  that  key- 
niunber,  drew  a  line  after  the  last  digit  used  and  wrote  above  the 
line  the  difference,  if  the  last  digit  used  gave  a  siun  greater  than 
the  required  niunber.  In  our  test  the  four  key  nimibers,  12, 13, 
14, 15  were  used  and  were  cyclically  changed  in  successive  sheets. 
On  the  first  sheet  the  order  was  12,  13,  14,  15,  for  each  of  the 
four-line  groups.  On  the  second  sheet  the  order  was  13,  14,  15, 
12;  on  the  third,  14,  15, 12,  13;  and  on  the  fomrth,  15, 12, 13, 14. 
Two  forms  of  this  test  sheet  were  available,  making  a  total  of 
8  sheets  of  approximately  equal  difficulty,  which  could  be  used 

TABLES 
Addition  test 


DATS 

MBSmiQ 

BMOKINO 

BBACrOR 

Before 

After 

Before 

After 

Time 

Error 

Time 

Enor 

Time 

Error 

Time 

Error 

I  n.(r.) 

4-4 

9' 

63" 

3.26 

9' 

46" 

3.26 

9' 

10" 

2.76 

9' 

42" 

6.25 

II  f. 

7-7 

9' 

64" 

6.0 

9' 

61" 

3.42 

9' 

18" 

3.42 

9' 

16" 

5.0 

Ill  «.) 

4-4 

9' 

00" 

2.76 

8' 

42" 

2.0 

8' 

67" 

3.0 

8' 

28" 

5.75 

IV  p.(r.) 

3-^ 

9' 

21" 

6.33 

9' 

10" 

6.33 

9' 

27" 

3.66 

9' 

03" 

4.66 

y  t. 

6-6 

9' 

41" 

1.0 

9' 

60" 

2.0 

9' 

62" 

1.8 

9' 

43" 

2.2 

VI  n.a.) 

3-3 

13' 

43" 

0.66 

13' 

43" 

2.66 

16' 

14" 

2.66 

14' 

69" 

1.66 

VII  t. 

4-4 

18' 

32" 

2.6 

18' 

48" 

2.0 

17' 

01" 

2.75 

16' 

34" 

5.25 

VIII  n.(r,) 

6-6 

9' 

48" 

3.6 

10' 

01" 

6.16 

9' 

12" 

6.16 

9' 

28" 

7.33 

without  repeating  any  key  number  with  the  same  line.  The 
sheets  were  not  repeated  with  sufficient  frequency  to  allow  of 
memory  from  one  trial  to  another. 

Eight  subjects  went  through  this  test  on  the  before-and-after 
plan,  working  one  complete  sheet  before,  and  one  after  smoking, 
or  resting,  on  alternate  days.  The  time  required  for  each  sheet 
was  recorded  by  a  stop  watch. 

In  a  smoking  period,  the  subject  smoked  three  cigarettes  or 
three-fourths  of  a  cigar,  beginning  the  smoking  as  soon  as  he 
finished  the  first  sheet.  The  following  tables  give  the  individual 
results. 

The  results  of  the  addition  test  are  given  in  table  3.  Each 
of  the  reactors,  except  VII,  was  allowed  one  to  three  practice 
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days,  according  to  the  difficulty  encountered,  in  order  to  become 
familiar  with  the  method  of  addition  prescribed.  VII  had 
worked  several  of  the  sheets  previously  in  another  test. 

The  results  of  the  addition  test,  like  those  of  the  cardnsorting, 
were  not  indicative  of  a  definite  effect  of  smoking  on  speed. 
Reactors  II,  III,  IV,  showed  a  decrease  in  time  both  after  resting 
and  after  smoking.  V,  VI,  and  VII  showed  the  same,  or  an 
increased  time  after  resting,  and  decreased  time  after  smoking. 
I  and  VIII  showed  increase  both  after  smoking  and  after  resting. 
The  evidence  for  increase  in  error  was,  however,  fairly  clear. 
In  every  case,  except  one,  there  was  an  increase  in  the  number 
errors  after  smoking;  all  except i three,  showed  the  same  niunber, 
or  a  decrease,  after  resting. 

S.  Mtdtiplicalion  test 

The  material  for  this  test  consisted  of  8  sheets,  each  sheet 
containing  16  multipliers  and  16  multiplicands,  arranged  in  two 
parallel  columns,  as  in  the  sample  sheet.  The  reactors  were 
required  to  multiply  each  multiplicand  by  the  multiplier  oppo- 
site it,  not  copying  these,  but  writing  down  in  each  case  the  three 
partial  products,  and  adding  them,  on  the  sheet.  After  working 
one  sheet,  the  reactor  smoked  three  cigarettes  and  then  worked 
a  second  sheet. 

List  6 
Multiplicands  Multipliers 


771 

736 

435 

531 

014 

238 

566 

577 

187 

125 

146 

469 

295 

624 

359 

881 

194 

431 

554 

893 

986 

492 

823 

857 

973 

672 

732 

468 

123 

173 

246 

889 

Multiplication  material. 

Sample  sheet 
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Each  of  the  eleven  reactors  worked  on  eight  days,  working 
one  "before"  and  one  "after"  sheet  each  day.  Six  of  the  sub- 
jects began  with  sheet  1  before  smoking,  sheet  2  after  smoking, 
and  on  the  the  next  three  days  took  sheets  3,  5,  and  7  before 
smoking,  and  4, 6,  and  8  after  smoking.  The  other  five  reactors 
began  with  sheet  2  before  smoking,  sheet  1  after,  taking  4,  6, 
and  8  before,  and  3,  5,  and  7  after,  the  following  three  days. 
During  the  next  four  days  the  order  was  inverted,  the  first  group 
working  the  even  nimibered  sheets  before  smoking;  the  second 
group  the  odd  numbered  sheets  before  smoking.  In  this  way 
each  reactor  worked  each  of  the  pairs  both  ways,  and  the  effects 
of  possible  difference  or  difficulty  between  the  sheets  in  a  pair 
were  neutralized. 

After  finishing  the  eight  smoking  days,  8  of  the  subjects  worked 
four  more  days,  resting,  instead  of  smoking,  between  the  sheets 
of  the  pairs.  The  order  of  sheets  in  this  case  was  the  same  as 
in  the  "first  roimd"  for  the  same  subject. 

The  results  of  the  smoking  sets  are  given  in  table  4.  Reactors 
I  to  VI  began  with  sheet  1  in  the  first  round,  with  sheet  2  in  the 
second  round,  while  reactors  VII  to  XI  began  with  sheet  2  in 
the  first  round,  with  sheet  1  in  the  second. 

The  general  results  of  practice  are  obvious,  when  the  second 
roimd  is  compared  with  the  first;  although  reactors  V  and  X 
retrograded,  the  others  improved.  The  usual  increase  in  error 
after  smoking  is  shown:  the  average  error  per  sheet  in  the  first 
roimd  is  2.45  per  sheet  before  smoking,  and  3.43  after  smoking, 
and  in  the  second  roimd  2.59  before  smoking,  and  2.97  after. 
The  average  errors  for  eight  subjects  before  and  after  resting 
(not  smoking),  as  shown  by  table  5,  are  2.15  before  resting  and 
1.96  after  resting.  If  we  eliminate  from  table  4  the  three  reac- 
tors (I,  IV,  and  V)  who  do  not  appear  in  table  5,  an  increase  in 
error  is  still  shown  after  the  smoking  period.  But  still  more 
important  is  the  fact  that  nine  of  the  eleven  subjects  show  the 
after-smoking  increase  in  error  in  the  first  roimd,  and  seven  in 
the  second;  whereas  only  two  of  the  eight  in  the  non-smoking  set 
shown  an  increase  after  resting. 
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TABLE  4 
MvlHplictUion  test 


BirOBB  IMOKINO 


Time 


Error 


AVTBBBMOKINO 


Time 


Error 


First  round 


I 

7'    06" 

5.25 

6'    06" 

5.75 

II 

7'    OV 

0.26 

7'    01" 

0.75 

III 

V    32" 

1.25 

V    37" 

1.50 

IV 

6'    41" 

1.75 

6'    10" 

3.50 

V 

8'    14" 

3.75 

8'    40" 

7.50 

VI 

r    37" 

2.25 

r    29" 

2.50 

VII 

V    08" 

2.5 

r  01" 

5.25 

VIll 

V    47" 

2.25 

8'    25" 

2.8 

IX 

r    16" 

2.5 

V    05" 

2.25 

X 

V    10" 

2.0 

r  18" 

1.0 

XI 

6'    68" 

3.25 

6'    14" 

5.0 

Second  round 


I 

6'    23" 

6.25 

5'    46" 

5.25 

11 

5'    31" 

0.26 

h'    18" 

0.50 

III 

5'    58" 

2.50 

6'    00" 

1.75 

IV 

6'    36" 

2.50 

6'    35" 

3.00 

V 

8'    06" 

2.75 

V    66" 

5.00 

VI 

r    24" 

1.26 

r    13" 

2.00 

VII 

5'    66" 

3.26 

6'    06" 

3.25 

VIII 

6'    51" 

2.75 

V    11" 

4.50 

IX 

5'    65" 

1.25 

6'    17" 

1.25 

X 

V    17" 

1.50 

V    32" 

2.25 

XI 

6'    66" 

4.26 

6'    34" 

4.00 

TABLES 
Multiplication  test 
Without  smoking 


TIUM 

■BBOR 

TI1» 

■BBOB 

II 

5'    23" 

2.5 

5'    19" 

1.25 

111 

6'    24" 

1.0 

6'    27" 

0.75 

VI 

7'    03" 

0.26 

6'    57" 

1.50 

VII 

5'    46" 

4.26 

5'    67" 

2.75 

VIII 

6'    24" 

2.26 

6'    18" 

3.0 

IX 

5'    39" 

2.50 

6'    32" 

2.50 

X 

6'    44" 

2.25 

6'    37" 

1.75 

XI 

6'    02" 

2.26 

6'    05" 

2.25 
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As  for  the  effect  on  speedy  the  indications  are  less  clear.  Six 
of  the  eleven  reactors  show  an  increased  speed  after  smoking  in 
the  first  round,  four  show  decreased  speed,  and  one  shows  no 
change.  In  the  second  round,  six  show  increased  speed,  and 
four  show  decreased,  although  in  one  case  the  gain  is  only  one 
second,  and  in  another  the  loss  is  only  two  seconds.  Two  who 
gained  in  the  first  round  lost  in  the  second,  and  one  who  lost  in 
the  first  round  gained  in  the  second. 

4.  Adding  machine  teat 

The  card-sorting,  addition,  and  multiplication  tests  required 
the  reactors  to  aim  at  speed,  and  also  at  accuracy  of  rather 
compUcated  coordinated  reactions,  failure  in  details  of  which 
might  lead  to  error.  It  is  highly  desirable  to  use  also  tests  in 
which  the  reactions  may  be  made  more  mechanical,  requiring 
less  careful  discrimination  on  the  one  hand,  and  less  precise 
adjustment  of  action  on  the  other.  The  operation  of  the  Bur- 
roughs Adding  Machine  in  plain  listing  seems  to  offer  possibilities 
of  such  a  test;  and  in  order  to  try  this  out,  two  reactors  who  had 
abeady  acquired  facility  in  operating  the  machine  were  put  at 
work  on  the  before-aad-after  plan.  Both  reactors  were  "occa- 
sional smokers,"  and  both  smoked  cigars  in  this  test. 

The  Burroughs  was  electrically  driven,  so  that  no  labor  other 
than  pressing  buttons  was  required.  The  material  to  be  added 
consisted  of  the  Johns  Hopkins  four  place  addition  sheets,' 
ninety  sheets  of  which,  each  sheet  containing  merely  four  place 
niunbers,  all  sheets  of  equal  difficulty,  have  been  worked  out. 

The  sheets  were  arranged  with  the  ninety  numbers  in  a  single 
column,  separated  by  spaces  into  six  groups  of  fifteen  niunbers 
each.  The  reactor  was  required  to  subtotal  each  group,  and 
total  the  whole.  The  sub-totaling  provides  a  rapid  method  of 
checking  for  error.    Time  was  taken  for  the  whole  sheet. 

In  this  test,  reactor  I  worked  three  sheets  before  smoking  or 
resting,  and  three  after.  Reactor  II  worked  two  sheets  before 
and  after.    Smoking  and  non-smoking  days  alternated  as  usual. 

•  Nt)rcros8,  W.  H.    Jour.  Compar.  Psychol.  1921,  i.  321 . 
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Reactor  I  workBd  nine  daySy  five  smoking  and  four  non-smoking. 
His  average  time  for  a  sheet  on  the  smoking  days  was  4'  22" 
before  smoking,  4'  18''  after  smoking.  On  the  non-smoking 
days  his  times  were  4'  22''  before  resting  and  4'  20"  after  resting. 

Reactor  II,  on  five  smoking  and  four  non-smoking  days, 
worked  only  two  sheets  before  and  after  smoking  or  resting. 
His  average  tunes  were  3'  41"  before  smoking  and  3'  36"  after: 
and  3'  38"  before  resting  and  3'  33"  after.  Nothing  was  shown 
by  these  tests  concerning  tobacco  effects  on  speed,  and  the  results 
were  so  uniform  that  we  did  not  think  it  tisef ul  to  continue  fur- 
ther with  those  subjects.  The  test  is,  however,  worth  trying  on 
a  larger  scale,  with  subjects  who  have  had  no  previous  training  on 
the  machine,  so  that  the  effects  (if  any)  of  tobacco  in  the  learning 
period  coidd  be  compared  with  those  in  the  later  period  when  the 
process  has  become  more  nearly  automatic. 

The  error  in  the  listing  of  the  numbers  averaged,  per  sheet: 
for  reactor  I,  1.66  and  1.83  before  and  after  smoking,  and  0.76 
and  1.25  before  and  after  resting;  for  reactor  II,  1.08  and  0.66 
before  and  after  smoking,  and  0.75  and  0.59  before  and  after 
resting.  In  that  case,  then,  the  tendency  towards  increase  of 
error,  after  smoking,  shown  in  the  previously  described  tests, 
does  not  occur.  This  is  an  important  point,  which  is  quite  com- 
patible with  the  difference  between  the  adjustments  required  in 
this  test  and  the  card-sorting,  multiplication,  and  addition  tests, 
if  we  assume  that  the  primary  mental  effects  of  smoking  are  a 
lessening  of  the  integrative  action  of  the  neurons. 

The  adding  machine  test,  it  is  obvious,  should  be  carried  out 
on  a  large  scale,  for  comparison  with  other  tests.  The  other  work 
of  the  present  survey  precluded  entering  upon  this  phase  of  the 
work  on  a  scale  large  enough  to  be  useful,  hence  it  was  laid  over 
for  the  time  being. 

5.  As8ociati(m  teats 

An  important  part  of  our  plan  included  the  attempt  to  find  the 
influence,  if  any,  of  smoking  upon  the  "association  of  ideas." 
This  work,  of  course,  must  cover  many  phases,  including  the 
formation,  as  well  as  the  "reproduction,"  of  associations.    As  a 
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point  of  departure,  we  took  up  the  problem  of  controlled  aasocior 
five  recaU  with  seventeen  reactors,  using  the  Dunlap  chronoscope 
and  voice  keys  for  measurement  of  the  reaction  times. 

The  type  of  reaction  control  was  that  of  opposite8.  Six  lists 
..  of  twenty  words  each  were  used,  and  in  each  case  the  reactor  was 
required  to  reply  with  the  "opposite"  of  the  stimulus  word,  i.e., 
the  word  of  directly  contrary  meaning.  The  word-lists  were 
prepared,  very  carefully,  from  the  Loring  word  lists,*  in  an 
attempt  to  obtain  lists  of  equal  difficulty.  The  results  show, 
however,  that  we  did  not  succeed. 

Each  of  the  seventeen  reactors  worked  three  days,  all  three 
being  "smoking'^  days,  on  which  the  subject  was  given  one  list 
of  words  before  and  one  after  smoking.  Non-smoking  days 
were  not  used,  because  it  was  not  considered  advisable,  at  the 
start,  to  attempt  the  construction  of  more  than  six  word-lists. 

Eight  of  the  reactors  were  given  word-lists  A,  C,  and  E  before 
smoking,  and  lists  D,  E,  and  F  after  smoking;  and  the  remaining 
nine  reactors  were  given  the  Usts  in  the  reverse  order,  that  is, 
D,  E,  and  F  before  smoking,  and  A,  C,  and  E  after. 

After  completing  the  set  of  tests  on  the  seventeen  reactors  as 
outUned,  four  were  again  put  through  the  series,  with  the  same 
word  lists,  but  in  reverse  order,  so  that  in  the  second  set,  the 
reactor  had,  after  smoking,  the  lists  he  had  been  given  before 
smoking  in  the  first  round,  and  vice-versa. 

Obviously,  we  had  no  formal  basis  for  comparison  in  our  re- 
sults, except  on  the  minor  point  of  the  comparative  difficulty  of 
the  word  Usts.  A  change  in  the  speed  of  recall  after  smoking 
might  be  assumed  to  be  due  to  tobacco  effects,  or  to  the  mere 
temporal  sequence  of  the  two  lists,  except  in  so  far  as  our  pre- 
vious acquaintance  with  association-reaction  practice  and  fatigue 
effects  might  enable  us  to  decide:  there  are  no  criteria  in  these 
particidar  results  taken  by  themselves.  Hence,  although  the 
results  were  most  interesting,  we  prefer  not  to  present  them  at 
present,  as  they  are  not  necessarily  cogent  to  other  than  the 
experimenters. 

[     «  Loring,  M.  W.    Psychobiol.,  1918,  i,  429^144. 
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We  can  say  the  following,  however: 

1.  The  word  lists  were  not  of  equal  difficulty,  in  spite  of  the 
labor  spent  upon  them,  and  the  most  severe  difficulty  in  the  way 
of  the  further  prosecution  of  this  problem  is  the  difficulty  of 
constructing  a  sufficient  number  of  lists  of  equal  difficulty. 
To  construct  twelve  such  lists  of  opposites  would  be  in  itself  a 
large  job,  requiring  an  extensive  program  of  experimental  work. 

2.  In  spite  of  the  difficulty  of  the  task,  the  investigation  of 
the  controlled  associative  reaction,  if  it  can  be  carried  out, 
promises  to  give  definite  and  important  results,  which  should  be 
compared  with  results  of  free-association  tests  and  learning  tests. 
We  do  not  consider  the  time  and  energy  spent  in  the  carrying  out 
of  these  preliminary  tests,  and  in  the  preparation  of  the  material, 
as  wasted. 

3.  Casual  tests  of  association  are  of  no  value  whatever.  Work 
will  be  entirely  wasted  (perhaps  the  results  gravely  misleading) 
imless  done  on  an  elaborate  scale  of  materials,  reactors,  and 
technique.  We  should  not  expect  a  competent  investigator, 
working  on  this  problem  alone  full  time  with  clerical  assistance, 
to  obtain  any  result  which  might  be  given  out  as  other  than 
"tentative"  in  less  than  two  years. 

II.   TESTS   OF  ACCURACY   ONLY 

In  the  group  of  tests  just  described,  both  time  and  accuracy 
were  measured,  and  the  reactors  were  attempting  to  be  both 
quick  and  accurate.  In  the  results  of  those  tests  no  effect  of 
tobacco  on  speed  is  indicated,  but  an  effect  on  accuracy  is  ap-'^ 
parent.  While  the  accuracy  score  would  have  no  significance  in. 
those  tests  imless  the  reactors  were  working  against  time,  the 
effort  at  speed  might  well  have  an  influence  on  the  errors.  The 
next  group  of  tests  was  designed  to  test  accuracy  only,  there 
being  no  element  of  speed  involved. 

6.  Dart  throwing 

In  this  test,  which  is  modified  from  the  Buford  Johnson  dart 
test,*  the  reactors  threw  the  small  feathered  darts  (made  by  the 

<  Johnson,  B.  Psychol.  Rev.,  1919,  xxvi,  302-303. 
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Apex  Dart  Company),  attempting  to  hit  the  bull's-eye  of  a 
target.  The  targets,  which  were  bhie-prmts,  had  white  bull's- 
eyes  1|  inches  in  diameter,  on  a  dark-blue  ground,  and  five  con- 
centric narrow  white  rings  of  6,  12, 18,  29,  and  30  inches  in  diam- 
eter. The  targets  were  pasted  on  a  veritcal  backing  of  heavy 
cork,  15  feet  from  the  reactors'  "toe-line"  from  which  he  threw, 
with  the  bull's-eye  at  approximately  the  level  of  the  reactor's 
shoulder. 

Each  reactor,  on  each  working  day  threw  five  sets  of  25  darts 
each  before  smoking  or  resting,  and  five  sets  after  smoking  or 
resting.  The  darts  were  thrown  with  such  rapidity  of  sequence 
as  the  reactor  chose,  with  a  five  minute  headway  of  the  sets. 
That  is:  the  throwing  of  the  second  set  of  25  was  commenced 
five  minutes  after  the  commencing  of  the  first  set;  the  third  set 
was  commenced  five  minutes  after  the  commencing  of  the  second 
set,  and  so  on.  In  that  way,  the  125  darts  before  smoking  and  the 
125  after,  were  in  each  case  distributed  in  five  groups  through 
a  little  over  twenty  minutes,  and  yet  the  reactors  threw  without 
being  hurried  or  retarded. 

The  reactors  ''smoked"  and  ''rested"  (without  smoking)  for 
the  usual  twelve  minutes  on  alternate  days  between  the  first 
five  sets  and  the  second  five,  consiuning  a  cigar,  or  three  ciga- 
rettes, as  indicated  for  each  subject. 

In  scoring  each  set,  a  dart  in  the  bull's-eye  was  scored  5,  in 
the  first  ring  4,  second  ring  3,  third  ring  2,  fourth  ring  1,  and  in 
the  fifth  ring  or  beyond,  0.  Since  all  darts  were  allowed  to  re- 
main in  the  target  until  25  had  been  thrown,  the  maximum  score 
possible  is  not  much  over  a  himdred,  since  only  three  or  four  darts 
could  occupy  the  small  bull's-eye  simultaneously.  At  the  fifteen- 
foot  throwing  distance,  this  limit  was  never  reached:  the  number 
of  darts  reaching  the  bull's-eye  never  filled  it. 

All  of  the  reactors  had  had  from  two  to  eighteen  days  previous 
practice  in  dart  throwing,  in  previous  work,  as  indicated  in  the 
table.  The  results  are  given  in  table  6,  in  which  each  value  is 
the  average  of  five  scores  per  day,  for  the  indicated  number  of 
days.  For  reactor  I,  for  example,  the  before  and  after  scores 
are  averages  for  six  days,  a  total  of  30  sets,  or  750  darts  before 
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smoking  and  the  same  number  after  smoking:  and  30  sets  also 
before  and  after  ''resting^'  on  the  non-smoking  days:  a  total 
therefore,  for  the  reactor  of  3000  throws  for  the  test. 

The  results  of  the  dart  throwing  indicate  that  in  spite  of 
individual  differences,  cigar  or  cigarette  smoking  decreases 
accuracy.  The  general  tendency  is  towards  increased  scores 
in  the  second  sets  without  smoking,  but  towards  less  increase, 
or  decrease,  in  the  scores  of  the  second  sets  aftar  smoking. 
Obviously,  the  results  are  not  conclusive;  the  variation  in  the 
initial  sets  (before  smoking  and  before  resting)  are  significant 
of  uncontrollable  variations  in  general  condition  of  the  reactors. 

TABLE  • 
Dart  thromng 


UMcroB 

DATS 

BMOKINQ 

BasnNQ 

PJUBTIOiCS 

Before 

After 

Before 

After 

PKACnCX 

I  nXr.) 

6-6 

73.4 

72.3 

71.4 

73.8  cigar 

(2) 

lit. 

3-3 

68.1 

71.0 

67.9 

63.6  ct. 

(10) 

lilt. 

3-3 

73.9 

75.0 

69.9 

76.8  ct. 

(15) 

IV  n.(t) 

3-^ 

76.4 

68.8 

75.3 

76.6  ct. 

(13) 

Vr. 

3^ 

67.5 

70.8 

62.8 

66.8  cigar 

(16) 

VI  «. 

a-3 

77.9 

76.2 

73.4 

77.9  ct. 

(21) 

Yllt. 

5-6 

74.7 

73.8 

74.6 

74.6  ct. 

(3) 

VIII  t. 

3-3 

64.9 

54.2 

59.8 

61.7  ct. 

(18) 

But  the  results  are  nevertheless  sufl5ciently  clear  to  enable  us  to 
say  that  the  test  is  an  entirely  competent  one,  and  to  predict 
that  more  elaborate  application  of  the  test  will  show  that  small, 
but  definite  lowering  of  scores  by  smoking,  in  the  case  of  the 
majority  of  individuals,  indicates  a  general  lowering  of  voluntary 
coordination  of  movements.  "Individual  differences,"  so  charac- 
teristic of  tobacco  effects,  will  of  course  be  foimd. 

7.  The  steadiness  test 

In  this  test  we  used  Dunlap's  steadiness  apparatus,*  which 
consists  of  two  6-inch  metal  disks  mounted  in  such  a  way  as  to  be 
adjustable  for  height  and  angle.    The  front  disk  has  eleven 

•  Donlap,  K.    Jour.  Exper.  Psychol.  1921,  iv,  p.  430-432. 
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holes  around  the  circumference,  graduated  from  i  to  f  inch  in 
diameter.  The  back  disk  had  a  single  hole  the  size  of  the  largest 
on  the  front  disk.  In  giving  a  test  the  disks  were  adjusted  so 
that  the  center  was  at  the  height  of  the  reactor's  shoulder.  The 
angle  of  inclination  was  kept  constant  in  these  tests.  By 
leaving  the  back  disk  stationary  and  turning  the  front  one  so 
as  to  bring  any  desired  hole  over  the  hole  of  the  back  disk,  the 
position  remained  identical  throughout  the  several  trials.  A 
metal  stylus  ^  inch  in  diameter  was  held  in  the  hole,  and  con* 
tacts  between  the  stylus  and  the  side  were  recorded  by  the  experi- 
menter, who  listened  to  a  telephone  connected  in  series  with 
disc,  stylus,  rheostat,  and  the  120  volt  D.C.  power  circuit. 
When  used  in  this  way,  the  telephone  is  extremely  sensitive  to 
contacts  between  stylus  and  plate. 

In  our  tests  the  reactor  held  the  stylus  in  each  of  three  holes 
in  succession  for  twenty  seconds  with  twenty  seconds  intervening 
rest.  This  constituted  a  "trial."  The  trials  were  given  on  a 
seven-minute  head-way,  the  reactor  resting  or  smoking  during 
the  time  not  consiuned  by  the  test. 

The  time  of  each  trial  was  approximately  two  and  a  half 
minutes,  since  the  twenty  seconds  during  which  the  reactor 
held  the  stylus  in  the  hole  was  not  timed  from  the  insertion  of  the 
stylus,  but  from  the  moment  when  the  reactor  first  got  it  in  the 
proper  position  within  the  hole,  free  from  the  sides.  A  few  seconds 
were  thus  lost  at  each  insertion.  Seven  minutes  head-way,  there- 
fore, gave  an  interval  of  approximately  four  and  a  half  minutes 
between  the  end  of  one  trial  and  the  beginning  of  the  next. 

After  the  third  trial  each  day,  the  subject  began  smoking,  and 
continued  except  during  the  actual  trials,  until  three  cigarettes 
of  three-fourths  of  a  cigar,  had  been  consumed.  The  rate  of 
smoking  was  rapid  and  variable,  and  the  smoking  ended  some- 
times just  before  the  fourth,  sometimes  just  before  the  fifth  trial 
(4§  to  10  minutes). 

From  seven  to  twelve  trials  were  made  daily  by  each  reactor. 
On  the  first  three  days,  holes  of  12,  11  and  10  sixty-fourths  of  an 
inch  were  used  with  all  reactors.  Certain  of  the  reactors  were 
next  put  on  holes  10,  9,  and  8,  but  others  were  too  inaccurate  to 
put  on  these. 
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The  instructions  given  each  reactor  were  as  follows : 

I.  stand  straight;  left  hand  on  hip. 
II.  Before  inserting,  ventilate  lungs  thoroughly. 

III.  After  inserting,  breathe  abominally  only.    (Chest  movements  disturb 

arm  position.) 

IV.  Keep  eyes  fixed  on  hole:  but  keep  maximal  attention  on  feelings  in 

joints  and  muscles  of  arm. 
V.  Touches  made  while  inserting  or  withdrawing  the  rod  are  not  to  be 
counted. 

TABLE  7 
Stecuiinesa  teat 


DATS 

1 

3 

8 

4 

6 

• 

7 

8 

9 

10 

11 

12 

Holesl2,ll,10 

It. 

3 

88 

76 

78 

69 

^ 

72 

100 

lit. 

2 

124 

128 

169 

206 

147 

172 

141 

134 

98 

lilt. 

3 

16 

18 

14 

10 

21 

37 

69 

44 

36 

29 

11 

lY  t. 

2 

1 

0 

1 

0 

1 

1 

1 

0 

1 

y  t. 

3 

17 

9 

11 

8 

14 

9 

9 

VI  t. 

4 

2 

3 

0 

1 

6 

1 

1 

2 

0 

VII  r. 

3 

13 

6 

6 

6 

4 

2 

6 

4 

4 

VIII  n.  (t.) 

2 

10 

4 

5 

7 

1 

3 

5 

4 

3 

0 

1 

XI  n.  it.) 

3 

22 

19 

11 

17 

45 

48 

78 

66 

34 

36 

21 

10 

Holes  10,  9,  8 

1 

6 

7 

8 

11 

30 

34 

44 

VI 

5 

15 

7 

7 

14 

3 

17 

12 

6 

VII 

6 

8 

5 

9 

3 

7 

11 

14 

17 

9 

2 

VIII 

6 

37 

61 

32 

40 

37 

32 

30 

31 

14 

7 

IX 

4 

58 

66 

62 

60 

91 

137 

184 

188 

62 

58 

The  results  of  the  steadiness  tests  are  summarized  in  table  7. 
The  number  entered  for  any  reactor  under  a  given  trial  is  the 
total  number  of  touches  made  in  all  three  holes  on  that  trial  on 
the  days  indicated.  For  example:  reactor  I  worked  three  dasrs 
on  the  holes  12,  11,  10,  making  seven  trials  on  each  of  the 
three  days.  The  total  number  of  touches  on  the  first  trials  of  the 
three  days,  was  88  (an  average  of  29.3  for  the  first  trial  of  each 
day). 

The  first  trials  in  most  cases  show  higher  values  than  do  sub- 
sequent trials.  These  are  adjustment-effects  which  are  charac- 
teristic of  the  steadiness  test,  hence  the  first  trials  should  be 
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neglected.  The  second  and  third  trials  give  a  fair  esthnate  of 
the  reactor's  coordination  before  smoking.  Since  smoking  began 
upon  the  completion  of  the  third  trial,  we  mi^t  reasonably  look 
for  effects  of  smoking  (if  any),  at  any  time  thereafter. 

Reactors  I,  II,  IV,  VII  and  VIII  show  no  clear  effects  in  holes 
12,  11,  10.  Reactors  III,  V,  VI  and  IX,  however,  do  apparently 
show  a  tendency  to  decreased  control,  beginning  on  the  first  or 
second  trial  after  smoking  was  begun.  In  holes  10,  9,  8,  reactors 
V,  VI,  and  IX  again  show  the  same  tendency,  while  reactors 
VII  and  VIII  again  fail  to  show  it.  The  effects  may  be  accidental 
variation  in  some  cases,  but  certainly  are  not  in  the  10,  9,  8 
cases.  It  is  interesting  to  note  that  one  of  the  "non-smokers" 
(IX)  shows  the  effects,  but  the  other  (VIII)  does  not.  It  can 
safely  be  said  that  some  reactors  show  a  tendency  to  decreased 
"steadiness''  of  hand  (decrease  in  hand  and  eye  coordination)  as 
a  result  of  smoking;  and  that  there  are  individual  variations  in 
the  restoration  of  the  coordination. 

This  test  was  purposely  made  in  the  rough  form  in  which 
steadiness  tests  have  so  often  been  employed.  We  wished  to 
see  what  a  rough  test,  under  carefully  controlled  conditions,  would 
show,  when  extended  for  several  days.  The  steadiness  test 
needs  much  more  refined  technique  than  is  generally  employed, 
and  it  is  clear  that  a  prolonged  investigation  with  such  technique 
will  show  large  individual  differences  in  tobacco  effects.  The 
effects  on  the  different  types  of  movement  involved  in  unsteadi- 
ness (tremor,  slow  oscillations,  and  perhaps  other  types),  need 
to  be  investigated  in  order  to  make  this  work  significant.  Fur- 
thermore, the  effect  of  conditions  of  fatigue,  attention,  and 
emotion  need  to  be  studied  in  connection  with  steadiness,  and  the 
variations  in  steadiness  correlated  with  variations  in  accuracy 
of  active  movement;  for  it  is  accuracy  of  active  movement  which 
is  practically  important,  rather  than  ability  to  maintain  a  fixed 
attitude. 

8.  BiUiard  testa 

Because  of  the  complexity  of  the  processes,  and  the  nice  ad- 
justment required,  in  billiard  shots,  and  the  ease  with  which 
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they  may  be  measured^  it  is  apparent  that  billiaids  offer  excep- 
tional Opportunities  to  study  not  only  learning  processes,  but 
also  effects  of  drugs  and  of  fatigue  on  the  accuracy  of  conscious 
reactions.  We  so  far  have  made  a  mere  beginning  in  implying 
the  billiard  technique  to  the  tobacco  problem,  but  tiie  results  have 
been  most  encouraging.  Three  reactors  cmly  were  employed; 
I,  the  author;  II,  a  teacher  (male)  of  55;  III,  an  undergraduate. 
Reactors  II  and  III  had  had  practice  in  various  shots  on  the 
table  during  the  two  weeks  preceding  the  beginning  of  these 
tests. 

Three  standardized  ^'set-ups''  devised  by  J.  N.  Hauser,  were 
made  the  basis  of  the  tests,  using  ivory  balls  on  a  standard  4}  by 
9  table.  These  three  setups  were  technically  (a)  a  draw,  (b) 
a  follow,  and  (c)  a  dead  ball  shot.  The  reactor  was  required  to 
try  to  make  the  point,  and  also  to  gather  the  balls  as  near  as 
possible  to  the  red  ball,  which  was  always  set  up  as  the  second 
object  ball. 

The  reactor  was  required  to  make  ten  shots  on  the  (a)  set-up; 
then  ten  on  the  (b),  and  ten  on  the  (c).  This  constituted  a 
''round.''  The  maximal  score  on  each  shot  was  six;  the  maximal 
on  a  round  therefore  was  180.  The  bails  were  accurately  spotted 
before  each  shot,  and  the  ^'gather"  was  measured  after  the  shot 
with  a  ruler.  The  reactor  was  allowed  to  adopt  whatever  rate 
of  speed  in  playing  suited  him. 

For  the  first  set  of  tests,  the  alternate  day  plan  was  used  for 
12  days  with  aU  three  reactors.  On  the  ''smoking"  day,  reactors 
I  and  II  smoked  each  a  cigar,  reactor  III,  3  cigarettes,  before 
playing.  In  the  alternate  days  reactors  I  and  II  did  not  smoke 
at  all;  and  reactor  III  did  not  smoke  on  those  days  imtil  after 
the  billiard  test.  Each  reactor  played  three  rounds  (90  shots) 
on  each  day  of  this  test.  The  results  are  given  in  Table  8.  The 
figures  under  (a),  (b)  and  (c)  in  this  table  are  averages  of  the 
daily  total  scores  on  each  of  the  three  set-ups. 

After  finishing  the  first  set  of  the  billiard  shots,  reactors  II 
and  III  worked  further  for  14  and  12  days  respectively  on  the 
before-and-after  plan,  shooting  two  rounds  of  the  three  set-ups 
before  smoking,  and  two  roxmds  after  smoking  on  half  of  the 
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days;  and  two  rounds  before  and  after  resting  without  smoking 
on  the  other  days;  the  smoking  and  non-smoking  days  being 
alternated.  The  average  scores  for  a  round  for  reactor  II  were: 
before  smoking,  138.2;  after  smoking,  136.2;  before  resting,  136; 
after  resting,  143.3.  For  reactor  III,  the  scores  were:  before 
smoking,  124.2;  after  smoking,  128.7;  before  resting,  125;  after 
resting,  125.4. 

While  all  three  reactors  made  better  scores  on  the  non-smoking 
days  of  the  alternate  day  plan,  the  habitual  smoker  (III)  made 
better  scores  after  smoking  on  the  before-and-after  plan,  but 
practically  identical  scores  before  and  after  resting;  and  the  non- 
smoker  (II)  made  better  scores  after  resting,  but  poorer  after 
smoking.    This  might  appear  to  indicate  a  differential  effect  due 

TABLES 
Billiard  $hoU:  Alternate  day$ 


DATS 

BMOXXXO 

NON-aifOKXNQ 

(a) 

(b) 

(0 

Total 

(•) 

(b) 

(0 

Total 

I  n.  (r.) 
11  n.  (r.) 
lilt. 

7-7 
6-6 
6-6 

08.4 
102.5 
116.6 

103.8 
104.5 
119.3 

109.1 
111.3 
119.6 

311.4 
319.1 
355  6 

99.4 
105.0 
122.5 

109.8 
127.5 
124.0 

106.5 
115.3 
121.8 

314.8 
330.8 
363.3 

to  habituation,  the  nonnsmoker  being  deleteriously  affected  by 
the  tobacco  products  to  which  his  system  was  not  adapted,  while 
the  smoker,  lacking  his  customary  smoking  stimulation  in  the 
beforensmoking  series,  was  restored  to  his  normal  condition  by 
the  smoking.  This  hypothesis  is  still  further  suggested  by  the  con- 
sistency of  the  daily  averages,  and  the  fact  that  for  reactor  III, 
the  elimination  of  the  first  four  dajrs'  scores,  which  are  consider- 
ably lower  than  the  scores  for  the  remaining  eight  days,  in- 
creases the  difference  between  the  smoking  and  resting  scores, 
the  scores  after  resting  being  actually  lower  than  before  resting 
on  these  days. 

The  uniform  alternate-day  effect  together  with  certain  indi- 
cations from  other  tests,  suggests  that  in  the  case  of  an  habitual 
smoker,  tobacco  may  have  effect  on  the  learning  process  which 
it  does  not  have,  or  has  to  less  eictent,  on  the  reactions  after  they 
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are  fairly  well  learned.  Of  coursey  these  few  tests  are  com- 
petent merely  to  raise  problems  and  indicate  possible  directions 
and  methods  of  research. 

GENERAL  SUMMARY 

1.  The  experimental  work  above  reported  covered  a  large 
amount  of  gromid,  and  was  carried  on  with  strict  r^ard  for  the 
conditions  included  in  the  method.  The  work  was  of  the  ex- 
ploratory character  which  is  the  essential  preliminary  to  more 
detailed  investigation.  On  account  of  the  nature  of  the  work^ 
the  results  are  given  no  statistical  treatment,  since  the  calcula- 
tion even  of  probable  error  in  such  data  gives  only  a  fictitious 
appearance  of  reliability.  Certidn  results  of  value  are,  however, 
deducible. 

2.  It  is  strongly  indicated  that  the  immediate  effect  of  smoking, 
both  on  smokers  and  non-smokers,  is  a  lowering  of  the  accuracy 
of  finely  coordinated  reactions  (including  associative  thought 
processes).  Against  this  must  be  set,  in  some  cases,  the  possible 
decreased  accuracy  of  the  habitual  smoker  when  he  has  for  some 
hours  been  deprived  of  his  customary  tobacco-combustion  pro- 
ducts, which  might  tend  to  prevent  the  appearance  of  the  normal 
effects  of  smoking. 

3.  There  is  no  indication  that  speed  of  complicated  reactions 
is  affected  by  smoking.  Nor  is  there  indication  that  thoroughly 
mechanized  reactions  requiring  no  fine  motor  adjustments,  are 
affected.  This  would  apply  to  the  motor  processes  and  thought 
processes  of  the  man  in  an  ordinary  clerical  or  other  subordinate 
business  position,  or  those  of  a  chauffeur.  With  regard  to  men 
engaged  in  intellectual  work,  and  billiard  players,  the  situation 
may  be  different. 

4.  If  there  is  any  effect  of  smoking  on  speed  of  reaction,  and 
on  efficiency  in  routine  activity,  it  is  clear  that  tests  of  the  type 
used  in  this  work;  which  are  samples  of  the  usual  psycho- 
physical tests,  are  not  competent  to  show  them.  While  fur- 
ther work  with  some  of  these  tests  is  highly  desirable,  it  is 
evident  that  for  completion  of  an  e3q)erimental  program  we  must 
turn  to  the  type  of  test  devised  by  Professor  Dunlap  for  use  in 
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tibe  Air  Service,  ia  meaeuriug  the  effects  of  asphyxiation;  since 
tests  of  this  type  will  detect  changes  in  mental  capacity  which 
entirely  escape  the  older  forms  of  test. 

5.  The  examination  of  the  immediate  effects  of  tobacco  smok- 
ing constitute  but  a  small  part  of  the  necessary  research  program. 
Investigation  of  the  remote  effects;  of  the  habituation  to  regular 
smoking;  and  of  the  immediate  and  remote  effects  of  deprivation 
of  tobacco  must  be  made.  Further,  tibe  effects  on  men  must  be 
compared  with  those  on  women.  Finally,  the  effects  on  learning 
must  be  discriminated  from  the  effects  on  habitual  reaction. 

6.  In  further  research,  the  work  must  be  very  much  more  ex- 
tensive in  number  and  type  of  reactors,  and  more  intensive  in 
amount  of  measurement  on  the  individual  reactor,  than  has  been 
in  previous  work.  Further  work  such  as  that  here  reported 
would  be  a  waste  of  time.  Methods  and  technique  must  be  much 
more  refined  than  they  have  been  in  the  past. 

7.  From  casual  measurements  such  as  here  described,  we  con- 
clude that  ''physiological"  changes  (if  any)  due  to  tobacco  smok- 
mg,  should  be  investigated  by. modem  methods,  and  these  changes 
(if  any)  correlated  with  mental  changes.  Blood  pressure  changes, 
for  example,  should  be  carefully  investigated  by  the  simple  but 
efficient  method  developed  by  the  psychologists  in  the  Air 
Medical  Service,  and  the  cause  of  blood  pressure  variations  for 
long  periods  with  and  without  smoking  should  be  detemdined. 

8.  Finally,  it  is  imperative  that  provision  be  made  for  keeping 
reactors  under  control,  as  regards  smoking,  diet,  rest,  mental 
and  physical  work,  sex  activity,  etc.,  for  long  periods  of  time. 
This  wfll  be  an  e3q)ensive  matter,  but  is  ultimately  unavoidable. 

A  bibliography  on  the  effects  of  tobacco  smoking  will  be  pre- 
sented in  connection  with  a  later  investigation  from  this 
laboratory. 
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A  STUDY  OF  THE  SPONTANEOUS  ACTIVITY  OF  THE 

GUINEA  PIGi 

EDITH  E.  NICHOLLS 

Department  of  Physiology,  School  of  Hygiene  and  Public  Health,  The  Johns  Hopkins 

University 

INTRODUCTION 

In  the  past  decade  various  investigators  have  studied  spontane- 
ous activity  in  vertebrates  in  the  hope  of  throwing  some  light  on 
the  fundamental  problem  of  the  relation  between  metabolism, 
activity,  rest  and  fatigue  in  these  animals.  The  following  paper 
deals  with  a  study  of  this  problem  in  the  case  of  the  guinea  pig. 

It  is  generally  believed  among  laboratory  workers  that  guinea 
pigs  are  very  quiet  animals.  They  will  sit  quietly  in  a  comer  of 
the  cage  for  many  hours  when  anyone  is  near  them.  This  inactiv- 
ity is  apparently  due  to  an  inhibition  from  fear.  If  guinea  pigs  are 
placed  in  a  quiet  enviroment  under  normal  conditions  of  tempera- 
ture, humidity,  and  illumination  they  are  found  to  be  almost 
continually  active.  This  condition  so  far  as  is  known  is  unique 
among  mammals.  In  the  following  paper  we  describe  how,  by 
means  of  activity-recording  cages,  continuous  records  extending 
over  several  months  have  been  obtained  which  show  the  activ- 
ity of  the  guinea  pig  to  be  organized  on  an  entirely  different 
plan  from  that  of  other  rodents  such  as  rats  and  mice,  and,  indeed, 
of  other  mammals.  Periodic  alternations  of  complete  rest  and 
activity  are  conspicuously  absent.    Continuous  and  intermittent 

^  This  paper  was  presented  as  partial  fulfillment  of  the  requirements  for  the 
degree  of  Doctor  of  Science  in  Hygiene,  School  of  Hygiene  and  Public  Health, 
Johns  Hopkins  University.  The  work  was  carried  out  in  Dr.  W.  H.  Howell's 
laboratory  in  the  Department  of  Physiology  under  the  direction  of  Dr.  Reynold 
A.  Spaeth.  I  am  indebted  to  Dr.  Howell  for  numerous  helpful  suggestions  and 
to  Dr.  Spaeth  for  constant  supervision  and  criticism.  In  the  observation  experi- 
ment I  was  assisted  by  Dr.  and  Mrs.  R.  A.  Spaeth  and  Miss  Jean  C.  Snyder  to 
whom  I  gladly  acknowledge  my  indebtedness. 
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activity  periods  are  present  in  the  records  but  there  are  no  indi- 
cations of  protracted  intervals  of  sleep,  which  are  familiar 
phenomena  with  rats,  mice  and  other  mammals.  There  is  like- 
wise an  absence  of  both  diurnal  and  nocturnal  rhythm. 

Studies  have  been  made  of  the  influence  of  changed  environ- 
mental conditions  and  the  relation  of  forced  activity  to  food  and 
rest. 

The  activity  of  the  guinea  pig  and  the  rat  has  also  been  com- 
pared under  identical  conditions.  In  its  activity  the  guinea  pig  is 
physiologically  most  nearly  comparable  to  the  vertebrate  heart. 
By  combining  a  high  rate  of  metabolism  with  a  scattered  distri- 
bution of  short  rest  periods,  long  rest  periods  and  possibly  sleep 
also,  become  superfluous.  We  are  not  prepared  to  say  that  the 
guinea  pig  never  sleeps.  Our  records  show  however  that  if  the 
guinea  pig  does  sleep  it  is  either  (1)  for  very  short  periods  or  (2) 
combined  with  an  activity  that  approaches  somnambuUsm. 

Previous  experimental  studies  of  mammalian  activity 

Studies  of  spontaneous  activity  and  rest  have  hitherto  been 
largely  limited  to  the  invertebrates  or  lower  vertebrates. 
Surprisingly  little  work  has  been  done  upon  mammals. 

Slonaker  (1907)  studied  the  spontaneous  activity  of  white  rats 
in  revolving  cages  and  found  that  the  amount  of  activity  varied 
with  age.  He  found  that  the  age  of  greatest  activity  as  repres- 
ented by  the  number  of  revolutions  of  revolving  cages  ranges  from 
87  to  120  days.  The  rat  spends  much  more  time  in  rest  than  in 
activity  and  is  more  active  at  night. 

The  most  entensive  studies  have  been  made  by  Sz}mianski 
(1920).  He  found  the  white,  gray  and  dancing  mouse  spent  about 
half  their  time  in  activity  and  half  in  quiet,  the  time  of  activity 
ranging  from  10  to  14  hours.  The  dancing  mouse  showed  one 
long  activity  period  of  10  hours  and  seven  very  short  periods 
alternating  with  periods  of  quiet.  The  white  mouse  had  sixteen 
short  periods  of  activity  alternating  with  periods  of  quiet  and 
the  gray  mouse  twenty-three  activity  periods  of  even  shorter 
duration  during  the  twenty-four  hours. 
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The  white  rat  showed  10  hours  of  activity  broken  into  ten 
short  periods.  The  rabbit  showed  12  hours  of  activity  divided 
into  twenty-one  short  periods  and  twelve  of  quiet  similarly 
divided.  The  cat  had  only  4.5  hours  of  activity  divided  intp  seven 
different  periods  and  the  dog  6.75  hours  divided  into  thirteen 
periods.  The  young  infant  showed  10  hours  of  activity  and  14 
hours  of  quiet.  In  all  of  these  animals,  with  the  exception  of  the 
dancing  mouse,  there  is  little  difference  in  the  amount  of  activity 
during  the  twelve  hours  of  the  day  as  compared  with  the  twelve 
hours  of  the  night. 

Richter  (1921)  found  that  the  white  rat  showed  four  to  ten 
activity  periods  during  the  twenty-four  hours  and  was  most  active 
during  the  night.  He  also  found  that  the  amount  of  activity 
decreased  with  age. 

No  studies  have  so  far  been  made  of  the  amount  of  activity 
and  quiet  of  the  guinea  pig.  Allen  (1904)  states  that  the  guinea 
pig  seems  to  be  more  active  in  the  dark,  than  in  the  light,  but  she 
made  no  experimental  study.  The  general  impression  among 
animal  experimenters  seems  to  be  that  in  the  laboratory,  guinea 
pigs  are  unusually  quiet  animals.  It  is  interesting  to  note, 
however,  that  guinea  pigs  apparently  never  assume  a  charac- 
teristic sleeping  pose  like  that  of  a  dog  or  rat  or  mouse,  and  that 
thus  far  we  have  failed  to  find  anyone  who  recalls  having  seen 
a  guinea  pig  sleeping. 

APPARATUS 

The  apparatus  used  to  determine  the  amount  of  activity  of 
the  guinea  pig  was  similar  to  the  one  used  by  Richter  (1921) 
in  his  work  on  the  activity  of  the  rat  (fig.  1).  It  consisted  of  an 
equilateral  triangular  cage  25  inches  on  each  side.  The  bottom 
was  made  of  plaster  board  reinforced  on  each  side  with  narrow 
strips  of  wood.  The  sides  were  made  of  14  mesh  mosquito 
netting,  8  inches  high.  Each  cajge  weighed  about  2  pounds. 
This  cage  rested  upon  the  points  of  three  large  screws  1  inch  in 
length.  The  screws  had  their  heads  soldered  to  small  metal 
discs  about  an  inch  in  diamter  (fig.  1,  D).    These  discs  rested 
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upon  rubber  membranes  (Af)  which  were  stretched  over  the  top 
of  specially  constructed  brass  cups  (C).  These  cups  were  1.25 
inches  deep  and  2.12  inches  m  diameter  and  at  the  center  of  the 
bottom  a  metal  nipple  (A^)  1.25  inches  long  was  inserted.  Holes 
were  bored  in  the  table  on  which  the  apparatus  was  assembled 
and  the  metal  nipples  projected  through  these  holes.  The  cups 
then  rested  upon  the  table.  The  rubber  tubing  from  the  three 
metal  cup  nipples  was  brought  together  by  means  of  a  glass  four- 
way  connection.    A  long  piece  of  tubing  joined  the  four-way 


Fig.  1.  Diagram  op  the  Scheme  op  the  Apparatus  Used  in  the  Activity 
Recording  Experiments.    See  Text  for  Details 

connection  to  a  Harvard  tambour  writing-lever.  Any  move- 
ment of  the  cage  was  transmitted  by  air  pressure  through  the 
cups  to  the  tambour  and  then  to  the  kymograph  via  the  writing 
lever.  The  cages  were  made  as  light  as  possible  so  as  to  rest 
easily  upon  the  rubber  membranes  and  to  increase  their  sensiti- 
vity. Respiratory  movements  were  not  recorded  but  all  such 
muscular  movements  as  quiet  eating,  scratching,  etc.  were  re- 
corded.    The  records  were  taken  on  a  long-paper  kymograph. 

All  activity  experiments  were  carried  on  in  a  brick  vault  20.3 
feet  long  and  7.51  feet  wide  which  was  15  feet  below  the  surface 
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of  the  ground.  This  vault  in  the  former  Physics  Laboratory  of 
Johns  Hopkins  University  was  especially  constructed  by  Dr. 
Rowland  for  his  dividing  engine.  It  was  designed  to  maintain 
a  constant  temperature  and  humidity  and  to  be  free  from  all 
vibrations.  All  these  variables  had  to  be  kept  constant  in  the 
present  experiments  and  thus  the  vault  offered  ideal  conditions. 
A  further  advantage  was  the  absence  of  noise.  The  temperature 
in  the  dark  was  19.5^0.  and  never  varied  more  than  one  degree 
in  either  direction.  When  the  room  was  lighted  by  two  75  watt 
nitrogen  daylight  bulbs  the  temperature  rose  about  two  degrees 
and  then  remained  constant.  The  relative  humidity  in  the  dark 
was  42  per  cent  and  in  the  light  44  per  cent  as  measured  by  the 
sling  psychrometer.  No  one  was  allowed  to  enter  the  room 
except  the  experimenter,  and  then  only  long  enough  to  feed  the 
animals  and  change  the  paper  on  the  k}miograph. 

MATERIAL 

All  the  guinea  pigs  used  in  these  experiments  were  of  healthy 
stock  and  varied  in  size  from  200  grams  to  300  grams.  They 
were  all  of  the  common  short-haired  variety.  In  all  experiments 
when  a  group  of  animals  was  used,  half  were  males  and  half  were 
females.  The  guinea  pigs  were  kept  in  the  vault  for  at  least  a 
week  before  they  were  used  in  any  experiment  so  as  to  become 
accustomed  to  the  new  environment.  To  guard  against  the 
possibility  of  stimulating  activity  by  the  slight  movement  of  the 
recording-cage  floor  the  pigs  were  kept  during  this  preliminary 
stage  in  a  special  cage  set  on  springs.  The  movements  of  this 
cage  closely  simulated  those  of  the  recording-cage.  The  food 
consisted  of  oats  and  water  which  the  animals  had  in  their  cages 
all  of  the  time  and  three  times  a  week  they  were  given  cabbage 
and  carrots.  The  bedding  consisted  of  1  or  2  inches  of  cut  hay. 
The  guinea  pigs  that  were  being  used  during  an  experiment  were 
kept  in  the  vault  all  of  the  time  even  when  no  record  was  being 
taken  of  their  activity.  The  vault  apparently  offered  a  splendid 
environment  for  the  growth  and  development  of  the  guinea  pig. 
The  growth  curve  of  the  animals  used  followed  closely  the  growth 
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curve  for  guinea  pigs  as  plotted  by  Minot  (1891).  It  was  found 
that  if  guinea  pigs  were  taken  upstairs  into  the  animal  room, 
after  being  in  the  vault  for  some  time,  they  soon  lost  weight,  be- 
came ill  and  frequently  died. 

The  guinea  pigs  were  handled  constantly  and  became  very 
tame.  After  a  week  or  ten  dajrs  they  would  not  be  frightened 
by  the  experimenter's  entering  the  vault  and  instead  of  remaining 
quiet  they  would  run  about  their  cages  squealing  noisily.  There 
were  no  deaths  in  the  vault. 

ACTIVITY  OF  THE  GUINEA   PIG 

Activity  in  the  dark 

As  it  is  generally  believed  that  the  guinea  pig  is  most  at  home 
and  most  active  in  the  dark,  the  fu^t  set  of  experiments,  which 
endeavored  to  put  the  guinea  pig  in  his  most  natural  environment, 
was  carried  on  in  the  dark. 

Six  healthy  guinea  pigs,  three  males  and  three  females,  whose 
weight  ranged  from  182  to  316  grams,  were  chosen  for  the  experi- 
ment. They  were  taken  into  the  vault  and  each  was  put  into 
a  separate  recording-cage.  They  were  given  cut  hay  for  bedding 
and  oats  and  water.  They  were  kept  in  their  respective  cages 
for  three  days  before  any  records  were  taken  of  their  activity 
so  as  to  become  accustomed  to  their  new  surroundings.  The 
light  was  turned  on  for  about  fifteen  minutes  each  morning  during 
feed-time,  but  otherwise  the  room  was  in  total  darkness.  There 
were  no  cracks  where  light  could  enter  as  the  room  opened  by  a 
tight  fitting  door  into  a  larger  room  which  was  also  dark.  The 
doors  both  at  the  top  and  bottom  of  the  steps  which  led  into  the 
vault  were  kept  shut.  There  was  therefore  no  possible  way  for 
any  daylight  to  enter  the  rooms. 

The  experiment  was  started  at  nine  o'clock  in  the  morning 
and  was  continued  for  a  week,  every  movement  of  the  six  guinea 
pigs  being  recorded  throughout  this  period.  A  single  kymograph 
sheet  contained  the  activity  of  the  six  guinea  pigs  for  twenty-four 
hours.  The  activity  of  each  guinea  pig  was  recorded,  one  directly 
under  the  other,  with  a  time  line  at  the  bottom  marking  each 
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hour.  Thus  in  a  week  seven  separate  records  were  obtained, 
each  showing  the  activity  of  six  guinea  pigs  for  a  period  of  twenty- 
four  hours.  Three  separate  weeks'  records  in  the  dark  were 
made  in  all.  One  was  made  in  the  spring,  one  the  following  fall, 
and  one  a  few  weeks  later  in  the  fall. 

In  all  the  records  there  was  the  same  general  picture.  The 
guinea  pigs  showed  almost  continuous  activity  (fig.  2).  The 
activity  was  divided  into  two  phases;  (1)  periods  of  "continuous" 
activity  in  which  there  were  no  rest  or  quiet  periods  and  (2) 


Fio.  2.  The  Activity  of  Six  Gxjixea  Pigs  in  the  Dark 

periods  of  "intermittent''  activity  in  which  there  were  a  number 
of  quiet  periods  varying  in  length  from  a  fraction  of  a  minute  to 
ten  minutes.  There  were  no  long  rest  periods  whatsoever  in  any 
of  the  records.  The  periods  of  continuous  activity  varied  in 
length  from  five  minutes  to  several  hours.  These  periods  alter- 
nated with  the  periods  of  intermittent  activity  and  were  always 
considerably  longer  than  the  latter.  There  was  a  tendency  for 
the  six  guinea  pigs  to  be  continuously  active  at  the  same  time. 
This  point  will  be  discussed  later  in  the  paper.  During  continu- 
ous activity  the  movements  were  more  violent  than  in  the  periods 
of  intermittent  activity. 
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Besides  a  careful  study  of  the  records,  it  was  thought  advisable 
to  devise  a  method  by  which  to  obtain  a  numerical  criterion  of 
the  actual  amount  of  activity  shown  by  each  guinea  pig.  In 
this  way  the  amount  of  activity  of  the  six  guinea  pigs  could  be 
compared  with  each  other  on  the  same  and  on  different  days. 
The  activity  of  one  guinea  pig  could  also  be  compared  on  the 
seven  different  days.  We  hoped  to  obtain  a  numerical  figure 
which  represented  the  approximate  amount  of  activity  of  a 
guinea  pig  in  the  dark  for  twenty-four  hours. 

The  method  finally  decided  upon  was  to  measure  all  activity 
periods  which  contained  no  quiet  periods  of  2.5  minutes  (i  inch) 
or  more  in  length.  This  was  done  by  means  of  a  small  map 
measurer.  The  instrument  was  set  at  zero,  placed  at  the  begin- 
ning of  an  activity  period,  and  run  along  until  it  came  to  a  quiet 
period  an  eighth  of  an  inch  or  more  in  length.  The  instrument 
was  then  carefully  hfted  from  the  paper  and  put  down  again 
on  the  other  side  of  this  quiet  period  and  run  along  until  another 
quiet  period  i  inch  or  more  in  length  appeared  in  the  record. 
The  total  amount  of  activity  in  feet  and  inches  was  then  recorded. 
Only  twenty-three  hours  were  measured,  the  hour  between  nine 
and  ten  in  the  morning  not  being  counted.  During  this  hour 
each  day  the  paper  was  changed  on  the  kymograph  and  there 
was  a  loss  of  time  varying  from  five  minutes  to  half  an  hour. 
The  guinea  pigs  were  continuously  active  at  this  hour,  partly 
because  they  were  fed,  but  also  because  of  the  disturbances  of 
the  light  and  the  presence  of  the  experimenter.  Conditions  thus 
being  not  comparable  with  the  other  hours  of  the  day,  it  was 
thought  best  to  eliminate  this  hour. 

The  total  length  of  paper  which  represented  the  twenty-three 
hours  was  measured  from  the  time  line,  and  the  number  of  inches 
of  paper  which  represented  one  hour  was  determined  by  dividing 
the  total  length  by  twenty-three.  The  total  number  of  inches 
of  activity  was  then  divided  by  the  length  which  represented  one 
hour  and  the  amount  of  activity  in  time  was  determined.  The 
results  were  tabulated  in  chronological  order  and  the  averages 
obtained.    By  practice  a  fair  amount  of  accuracy  was  obtained 
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in  measuring  the  amount  of  activity  and  the  error  did  not  vary 
more  than  plus  or  minus  three  per  cent  of  the  distance  measured. 

This  method  demonstrated  the  extreme  activity  of  guinea 
pigs  in  the  dark.  Out  of  the  23  hours,  the  smallest  amount  of 
activity  for  any  one  animal  was  17.5  hours  and  the  largest  amount 
23  hours.  The  averages  for  individual  jecords  of  the  six  guinea 
pigs  for  seven,  days  varied  from  19.69  hours  to  21.73  hours  out  of 
the  23,  and  the  average  total  activity  for  all  six  guinea  pigs  in 
the  dark  was  20.8  hours  out  of  the  23,  or  at  the  rate  of  21.6  hours 
out  of  the  24.  The  absolute  activity  for  24  hours  was  actually 
greater  than  the  calculated  21.6  hours,  since  during  the  anticipa- 
tory excitement  of  feeding  the  animals  were  in  continuous 
motion.  The  small  amount  of  rest  was  broken  up  into  numerous 
short  periods  averaging  3  to  4  minutes  in  length.  The  longest 
rest  period  on  any  record  was  10  minutes. 

The  quiet  periods  of  less  than  i  inch  were  measured  with  the 
total  amount  of  activity  for  two  reasons.  First,  in  measuring 
the  length  of  the  activity  periods  it  was  impossible  to  leave  out 
the  quiet  periods  of  less  than  one-eighth  of  an  inch  without 
introducing  a  considerable  error.  The  measuring  instrument 
had  to  be  lifted  from  the  paper  a  great  many  more  times  and  this 
factor  increased  the  possibility  of  error  in  the  total  length. 
Secondly,  the  quiet  periods  of  less  than  i  inch  are  approxi- 
mately A  to  tV  x)f  an  inch  in  length  which  represents  but  0.6 
to  1.2  minutes  in  time.  It  was  found  by  observation  that 
slight  movements  such  as  quietly  chewing  were  not  recorded  by 
the  levers  and  these  might  account  for  some  of  the  periods.  The 
guinea  pig  is  also  extremely  sensitive  to  sounds  even  those  caused 
by  the  gnawing  or  scratching  of  other  guinea  pigs.  Whatever 
the  cause  of  these  momentary  quiet  periods  they  are  more  or 
less  constant  in  all  of  the  records  and  as  all  the  records  are 
measured  in  the  same  way  they  can  be  compared  with  each  other 
without  introducing  an  error. 

Activity  in  the  light 

The  next  set  of  experiments  was  carried  out  under  exactly 
the  same  conditions  as  those  in  the  previous  experiment  with  two 
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exceptions.  The  room  in  this  case  was  constantly  lighted  by 
two  75-watt  nitrogen  daylight  bulbs  which  were  suspended 
directly  over  the  cages.  These  lights  raised  the  temperature 
about  2^.  This  small  increase  in  temperature  probably  failed 
to  affect  the  activity  records  in  any  significant  way  (vide  infra 
table  4  and  fig.  6).  ThQ  same  set  of  guinea  pigs  was  used  as  in 
the  above  experiment.  They  were  left  in  their  separate  cages 
for  three  days,  so  as  to  become  accustomed  to  the  light  before 
any  records  were  taken. 


Fig.  3.  The  Activity  op  Six  Guinea  Pigs  in  the  Light 
In  this  case  the  pigs  are  the  same  as  those  shown  in  figure  2 

The  experiment  was  started  at  nine  o'clock  in  the  morning 
and  was  continued  for  a  week.  Two  sets  of  records  in  the  light 
were  taken  about  two  months  apart.  In  the  first  set,  the  paper 
was  changed  every  twenty-four  hours,  and  in  the  second  the 
drum  was  run  faster  and  the  paper  was  changed  every  twelve 
hours.  The  records  obtained  were  tacked  on  the  wall  beside 
the  set  taken  in  the  dark  and  the  two  were  compared.  There 
was  practically  no  difference  in  the  two  sets  of  records  (fig.  3). 
There  was  the  same  general  picture  of  extreme  activity  broken 
up  into  periods  of  "continuous*'  activity  and  periods  of  "inter- 
mittent" activity.    These  periods  were  essentially  similar  in 
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both  dark  and  light  records  and  the  rest  periods  were  not  typi- 
cally longer  or  any  more  frequent  in  the  light  than  in  the  dark. 

By  actually  measuring  the  activity  periods,  as  in  the  previous 
experiment,  the  following  figures  were  obtained:  Out  of  the 
23  hours  the  smallest  amount  of  activity  for  any  one  guinea  pig 
was  15.6  hours  and  the  greatest  22.6  hours.  The  individual 
averages  for  the  six  guinea  pigs  for  7  days  varied  from  19.4  hours 
to  21.53  hours  and  the  average  activity  for  all  six  guinea  pigs 
for  a  week  in  the  light  was  19.83  hours  out  of  23  or  at  the  rate  of 
20.64  hours  out  of  the  24.  Thus  in  comparing  the  total  activity 
of  the  six  guinea  pigs  in  the  dark  with  the  total  activity  in  the 
light,  there  was  1  hour  less  activity  in  the  light  per  day,  or  a 
decrease  of  4.6  per  cent. 

Distnbuiion  of  activity 

The  guinea  pig  divides  his  time  into  periods  of  "continuous" 
activity  and  periods  of  "intermittent"  activity.  It  is  difficult 
to  count  the  exact  number  of  periods  of  each,  since  the  periods 
frequently  run  into  each  other.  Roughly,  they  vary  from  four- 
teen to  twenty-three  of  each.  The  continuous  activity  periods 
vary  in  length  from-five  minutes  to  three  or  four  hours  and  their 
length  does  not  correlate  in  any  way  with  the  following  period  of 
intermittent  activity. 

The  absence  of  any  correlation  between  activity  and  time  of 
day  was  demonstrated  by  plotting  the  continuous  activity  periods 
of  the  same  guinea  pigs  on  three  different  days.  Periods  were 
chosen  of  over  ten  minutes  in  length  which  were  broken  by  no 
quiet  periods.  No  tendency  was  found  for  the  guinea  pig  to  be 
active  at  the  same  time  each  twenty-four  hours.  The  activity 
furthermore  is  quite  evenly  distributed  over  the  twenty-four 
hours  and  there  is  no  nocturnal  or  diurnal  rhythm.  The  periods 
of  "continuous"  activity  are  greater  in  length  than  the  periods  of 
"intermittent"  activity. 

Comparison  of  the  activity  of  single  animals  and  groups 

The  question  arose  as  to  the  possibiUty  of  the  six  guinea  pigs 
stimulating  each  other  and  thus  increasing  their  normal  amount 
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of  activity.  In  order  to  decide  this  question  an  experiment  was 
carried  out  in  which  a  guinea  pig  was  placed  alone  in  the  vault 
and  his  activity  recorded.  This  procedure  was  repeated  using 
different  guinea  pigs  and  two  days'  records  were  taken  of  each 
animal.  In  two  further  experiments  the  activity  of  two  guinea 
pigs  and  a  group  of  six  guinea  pigs  was  studied.  The  same 
guinea  pigs  were  used  throughout  the  experiments.  The  work 
was  carried  out  in  the  dark. 

The  records  were  measured  and  the  average  activity  for  the 
different  groups  was  determined.    The  results  were  as  follows: 

koUTM 

Activity  for  one  guinea  pig  alone 20.65 

Activity  for  two  guinea  pigs,  side  by  side  but  in  separate  cages. .  21.55 
Activity  for  six  guinea  pigs  in  a  group  of  separate  cages 20.38 

From  these  results  there  is  apparently  no  significant  difference 
in  the  amount  of  activity  of  the  guinea  pig  whether  alone  or  m 
groups. 

Influence  of  age  upon  activity 

Slonaker  (1907)  and  Richter  (1920)  both  found  in  the  study 
of  the  white  rat  that  the  amount  of  activity  decreases  with  age. 
A  set  of  experiments  was  therefore  carried  out  to  see  if  this  was 
true  in  the  case  of  the  guinea  pig. 

Records  were  taken  in  the  dark  of  the  activity  of  four  young 
guinea  pigs  one  month  old.  Records  were  also  taken  of  four  adult 
guinea  pigs  between  eight  and  nine  months  old.  We  had  at  hand 
records  of  six  guinea  pigs  three  months  old  and  of  the  same  guinea 
pigs  six  weeks  later.  The  results  obtained  by  measuring  the 
amount  of  activity  are  as  follows: 

hour* 

Average  activity  of  guinea  pigs  one  month  old 21 .  19 

Average  activity  of  guinea  pigs  three  months  old 21 .6 

Average  activity  of  guinea  pigs  four  and  a  half  months  old 2Q.38 

Average  activity  of  guinea  pigs  eight  months  old 21 .18 

There  is  thus  apparently  little  difference  in  the  amount  of 
activity  of  guinea  pigs  ranging  in  age  from  one  to  nine  months. 
The  records  of  the  older  guinea  pigs  have  the  same  general  ap- 
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pearance  as  those  of  the  younger.  The  amplitude  of  the  move- 
ments is  higher  with  the  older  guinea  pigs  because  of  the  increase 
in  weight. 

Relative  activity  of  males  and  females 

In  the  experiments  on  the  activity  of  guinea  pigs  in  the  dark 
and  in  the  light  in  each  case  three  male  and  three  female  guinea 
pigs  were  used.  A  study  was  made  of  the  activity  of  each  group 
to  see  if  the  amount  of  activity  varied  with  the  sex.  Richter 
(1921)  found  in  the  case  of  the  white  rat  that  in  the  revolving 
drum  the  females  were  more  active  than  the  males. 

TABLE  I 
The  amount  of  activity  of  three  male  and  three  female  guinea  pigs  in  the  dark 

for  seven  days 


MALB 

FBIfALB 

Guinea 
pig  A 

Guinea 
pi«D 

Guinea 
pi«F 

Guinea 
pisB 

Guinea 
pi«C 

Guinea 
pisE 

WeichtSi  gnniB 

222 

261 

316 

236 

182 

266 

Date 

Activity 

Activity 

October  18 

20.6 
22.6 
21.8 
20.6 
20.3 
22.4 
20.6 

22.8 
20.8 
23.0 
21.4 
19.7 
22.9 
21.2 

22.3 
17.6 
20.0 
18.3 
20.8 
21.8 
21.7 

19.6 
19.2 
20.9 
20.2 
18.6 
20.6 
19.8 

20.8 
18.8 
21.6 
22.1 

32.0 

23.0 

October  19 

18.2 

October  20 

22.6 

October  21 

20.9 

October  22 

19.2 

October  23 

20.7 

October  24 

21.9 

Averages 

21.24 

21.73 

20.34 

19.69 

21.04 

20.81 

Average  23  hours 

21.10 

20.61 

Average  24  hours 

22.01 

21.40 

Table  1  shows  that  in  the  dark  the  average  amount  of  activity 
during  24  hours  for  three  female  guinea  pigs  was  21.40  hours  and 
of  three  male  guinea  pigs  22.01  hours.  The  male  guinea  pigs 
show  in  this  case  an  increase  of  activity  over  the  females  of 
0.61  hours.  In  the  light  (table  2)  the  females  showed  20.44  hours 
of  activity  and  the  males  21.18  hours,  with  an  increase  in  the 
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case  of  the  males  of  0.74  hours.  Thus  both  m  the  light  and  in 
the  dark  male  guinea  pigs  show  a  slightly  greater  activity  than 
the  female  guinea  pigs,  under  the  conditions  of  our  experiments. 

The  inflicence  of  food  upon  activity 

The  guinea  pig  is  an  herbivorous  animal  and  spends  most  of 
his  time  eating:  An  attempt  was  made  in  this  set  of  experiments 
to  determine  the  part  that  food  plays  in  the  activity  of  the 
guinea  pig.  If  food  is  partially  or  completely  removed  will  the 
guinea  pig  still  continue  to  be  as  active  as  normally? 

TABLE  2 
The  amount  of  activity  of  three  male  and  three  female  guinea  pigs  in  the  light 

for  eeven  days 


MALE 

PSlfALB 

Guinea 
pig  A 

Guinea 
pigD 

Guinea 
pigF 

Guinea 
pigB 

Guinea 
pigC 

Guinea 
pigE 

Weights,  grains 

251 

299 

330  5 

271 

207 

288 

Date 

Activity 

Activity 

October  26 

21.9 
20.3 
20.7 
21.9 
10.7 
22.6 
21.8 

20.0 
22.6 
19.9 
21.9 
10.8 
18.9 
18.0 

18.9 

20.9 
21.6 
21.2 
11.4 
18.6 
16.6 

18.9 
19.9 
19.9 
22.2 
10.1 
19.8 
19.0 

19.2 

19.0 
19.1 
21.2 
10.6 
20.6 
17.3 

16.9 

October  27 

22.0 

October  28 

20.0 

October  29 

21.7 

October  30* 

11.1 

October  31 

19.9 

November  1 

16.1 

Averages 

21.63 

20.21 

19.46 

19.95 

19.40 

19.43 

Average  23  hours. . . 

20.40 

19.59 

Average24hours. .. 

21.18 

20.44 

*  On  a  run  of  12  hours. 

Food  one  hour  a  day.  The  same  six  guinea  pigs  were  used  as  in 
the  previous  experiment  and  the  work  was  carried  out  in  the 
dark.  All  food  and  bedding  was  removed  from  three  of  the  re- 
cording-cages and  paper  bedding  was  substituted  for  the  hay. 
At  nine  o'clock  in  the  morning  the  six  guinea  pigs  were  weighed 
and  the  experiment  was  started,  three  guinea  pigs  being  without 
food  and  three  controls  with  food.    The  next  morning  at  nine 
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o'clock  the  six  animals  were  again  weighed  and  the  three 
guinea  pigs  without  food  were  given  food  for  one  hour.  Water 
was  left  in  the  cages  all  of  the  time.  At  the  end  of  the  hour  all 
the  food  was  again  removed  from  the  same  three  cages.  This 
was  continued  for  seven  dajrs  and  records  were  taken  of  the 
amount  of  activity  and  rest.  The  guinea  pigs  were  always 
weighed  at  nine  o'clock  in  the  morning  just  before  they  were 
fed.    The  three  control  animals  were  also  weighed  at  this  time. 

As  in  the  previous  experiments,  the  activity  for  twenty-three 
hours  only  was  measured.  The  time  between  9  a.m.  and  10  a.m., 
when  the  guinea  pigs  were  fed  and  the  recording  paper  was 
changed,  was  not  coimted.  From  the  data  obtained  the  average 
individual  activity  for  the  three  guinea  pigs  fed  for  1  hour  a  day 
for  7  days  was  21.33  hours,  22.0  hours  and  20.93  hours,  making 
a  total  average  of  21.42  hours  of  activity  in  the  23  hours  for  all 
three  guinea  pigs,  or  at  the  rate  of  22.2  hours  in  the  24.  The 
three  control  guinea  pigs  showed  individual  averages  of  21.95 
hours,  21.05  hours  and  21.5  hours  for  7  days,  a  total  average  of 
21.5  hours  of  activity  in  23  hours,  or  at  the  rate  of  22.3  hours 
out  of  24  hours.  Thus  the  three  guinea  pigs  without  food  showed 
no  significant  decrease  in  activity  although  the  amount  of  food 
eaten  each  day  was  considerably  less  than  that  of  the  three  con- 
trol guinea  pigs. 

Since  there  was  no  decrease  in  activity,  we  expected  to  find  a 
loss  in  weight  each  day  and  this  was  actually  the  case.  One 
guinea  pig  showed  a  loss  in  weight  of  41  grams  the  first  day  and 
only  had  13  hours  of  activity.  The  cause  of  this  great  loss  both 
in  weight  and  activity  was  quite  obscure.  Guinea  pig  F  did  not 
show  any  loss  in  weight  the  first  day  and  guinea  pig  D  showed  a 
loss  of  10.5  grams.  The  controls  showed  gains  of  6.5  grams,  5 
grams  and  5  grams  the  first  day.  The  average  loss  in  weight 
for  the  week  for  the  three  guinea  pigs  without  food  was  29.8 
grams  while  the  average  gain  for  the  control  animals  was  11 
grams.  It  is  fair  to  assume  that  if  the  three  guinea  pigs  without 
food  had  been  given  their  normal  rations  for  the  week  they  would 
not  only  have  maintained  their  original  weight  but  would  prob- 
ably have  shown  a  proportional  increase  of  weight  of  approxi- 
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mately  11.0  grams  like  the  controls.  Therefore  the  total  avera^ 
loss  m  weight  for  the  three  fasting  guinea  pigs  may  be  consid- 
ered as  40.8  grams  or  13.6  grams  per  guinea  pig.  Thus  the 
fasting  guinea  pigs  maintained  their  normal  activity,  but  at  the 
expense  of  their  body  weight. 

No  food.  As  a  check  on  the  above  experiment  another  one 
was  carried  out  in  which  three  guinea  pigs  were  not  given  any 
food  at  all  for  three  days.  This  time  the  food  and  cut  hay  bed- 
ding were  removed  from  three  of  the  cages  and  no  paper  bedding 
was  substituted.  Wire  mosquito  netting  was  put  over  the 
bottom  of  the  cages  so  as  to  prevent  the  guinea  pigs  from  nibbling 
the  plaster  board.  Three  healthy  guinea  pigs  were  chosen  all 
weighing  over  300  grams.  Three  similar  pigs  were  chosen  for 
controls. 

The  guinea  pigs  that  were  to  be  starved  were  weighed  and  the 
experiment  was  started.  The  following  day  at  the  same  hour 
the  three  guinea  pigs  were  again  weighed  and  again  on  the  second 
and  third  day.  At  the  end  of  the  first  day  the  three  guinea  pigs 
without  food  seemed  very  restless  and  ran  about  their  cages 
squealing.  On  the  second  day  one  seemed  sick  while  the  other 
two  were  quite  Uvely.  On  the  third  day  all  three  sat  humped 
up  with  their  eyes  partly  closed  and  semed  to  move  with  diffi- 
culty. They  were  given  food  gradually  and  within  a  week  they 
were  weighed  again  and  all  but  one  had  regained  his  original 
weight. 

The  records  obtained  were  measured  in  the  usual  way.  The 
first  day  the'  starved  guinea  pigs  showed  an  average  amount  of 
activity  of  15.6  hours  while  the  controls  had  an  average  of  18.4 
hours.  On  the  second  day,  the  starved  guinea  pigs  showed  an 
average  activity  of  18.7  hours  as  compared  with  18.5  hours 
shown  by  the  controls.  On  the  third  day,  the  three  starved  pigs 
showed  7.1  hours,  7.1  hours  and  7.6  hours  of  activity  respectively, 
making  an  average  of  7.3  hours.  The  controls  had  17.3  hours. 
Thus  on  the  first  and  second  day  there  was  little  falling  oflf  of 
activity  as  compared  with  the  controls  but  on  the  third  day  the 
amount  of  activity  decreased  over  50  per  cent. 
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In  comparing  the  activity  with  the  loss  in  weight,  we  find  the 
loss  the  first  day  was  the  least,  i.e,,  6.0  grains,  6.5  grains,  and  7.0 
grams.  The  loss  on  the  second  day  was  much  greater — ^24.0 
grams,  33.5  grams,  and  31.5  grams.  This  was  also  the  day  on 
which  the  average  amount  of  activity  was  the  greatest.  On  the 
third  day  the  loss  of  weight  was  21.5  grams,  19  grains,  and  21.0 
grams.  As  in  the  previous  experiment  the  three  guinea  pigs 
continued  their  activity  at  the  expense  of  their  body  weight  up 
to  a  certain  point. 

It  is  interesting  to  note  in  this  experiment  that  the  control 
guinea  pigs  did  not  show  as  much  activity  as  was  found  in  previous 
experiments.  As  these  guinea  pigs  were  the  same  as  were  used 
in  many  of  the  other  experiments  this  absence  of  activity  may 
have  been  due  to  the  influence  of  the  starved  guinea  pigs.  The 
control  guinea  pigs  showed  their  smallest  amoimt  of  activity  on 
the  third  day  when  the  activity  of  the  starved  animals  had 
fallen  off  over  50  per  cent.  The  reduced  activity  of  the  fasting 
guinea  pigs  may  therefore  have  had  an  inhibiting  effect  upon  the 
controls. 

The  infl/aence  of  physical  exhaiistion  upon  activity 

In  this  set  of  experiments  we  studied  the  relation  between 
physical  exhaustion  produced  by  forced  running  in  a  motor- 
driven  drum  and  subsequent  activity.  In  some  of  the  experi- 
ments a  separate  food  cage  was  connected  to  the  main  cage  by  a 
small  opening.  The  food  cage  was  set  upon  separate  tambours 
and  all  movements  were  recorded  independently  on  the  drum. 
The  purpose  of  this  set-up  was  to  determine  the  amount  of  time 
the  guinea  pig  spent  in  the  food  cage. 

Six  guinea  pigs  were  used  varjdng  in  weight  from  245  to  314 
grams.  Similar  guinea  pigs  were  used  as  controls.  A  guinea 
pig  was  weighed  and  placed  in  the  motor-driven  drum  and  made 
to  run  until  he  was  exhausted.  An  animal  was  considered  ex- 
hausted when  he  lay  on  his  back  or  side  and  let  the  cage  slide 
under  him  and  when  he  remained  in  the  same  position  for  some 
minutes  after  the  drum  was  stopped.  He  was  again  weighed 
and  immediately  taken  down  into  the  vault  and  put  into  the 
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recording-cage  for  two  hours.  The  records  were  spread  out 
more  than  in  the  earlier  experiments  in  order  to  emphasize 
individual  movements.  The  six  guinea  pigs  were  exhausted  in 
the  same  manner  and  records  were  taken  of  their  behavior 
afterwards. 

In  all  of  the  records  the  guinea  pigs  remained  quiet  for  ten  or 
fifteen  minutes  and  then  began  eating.  They  ate  continuously 
while  they  were  in  the  cage.  The  records  show  a  continuous 
line  of  small  movements  such  as  are  registered  by  eating  and 
there  are  few  vigorous  movements.  Where  the  food  cage  is 
attached  the  records  show  that  within  a  few  minutes  the  guinea 
pig  entered  the  food  cage  and  remained  there  for  what  remained 
of  the  two  hours,  eating  all  of  the  time.    The  records  of  the  con- 

TABLE3 
Data  concerning  six  guinea  pigs  fatigued  to  the  point  of  extreme  exhaustion 


aum«A  pio 

WKIGHT 

NUMB SB  or 
BEVOLUTION8 

DIBTANCE 

TIMK 

Loaa 

IN  WBIGBT 

gramt 

miU8 

houn 

E 

245 

789 

0.81 

3 

3 

A 

249 

793 

0.82 

2.25 

6 

D 

254 

757 

0.77 

3.41 

5 

C 

264 

709 

0.73 

3.16 

6 

B 

309 

1636 

1.67 

4.75 

6 

F 

314 

1951 

1.99 

5.83 

5 

trol  guinea  pigs  showed  more  vigorous  movements  and  consid- 
erably less  eating  movements. 

Upon  observation  the  three  guinea  pigs  sat  humped  up  beside 
the  dish  of  food,  with  their  eyes  partly  closed  but  chewing  vigor- 
ously. They  did  not  move  their  position  when  the  experimenter 
entered  the  vault  or  show  any  fear  when  touched.  They  did 
not  respond  to  any  stimulus  except  the  one  aroused  by  the 
desire  for  their  food. 

It  seems  therefore  from  these  results  that  eating  is  more  essen- 
tial than  sleeping  in  the  recovery  of  guinea  pigs  from  fatigue. 

It  is  interesting  to  note  that  the  heavier  (older)  the  guinea  pig 
the  longer  it  took  for  him  to  become  exhausted.  Data  concern- 
ing the  weights  of  the  pigs  and  the  times  and  distances  run  are 
given  in  table  3. 
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The  influence  of  temperature  upon  activity 

During  the  first  part  of  the  experimental  work  we  observed  a 
constant  tendency  in  our  guinea  pigs  to  stretch  out  on  the  bot- 
tom of  the  cage  and  remain  inactive  for  long  periods  when  the 
temperature  was  between  75°  to  80®F.  This  was  not  an  inhibi- 
tion because  of  fear  as  the  guinea  pigs  were  all  very  tame.  These 
long  periods  of  inactivity  were  believed  to  be  caused  by  the  high 
temperature  and  the  matter  was  further  investigated  by  the 
following  experiment. 

Three  young  guinea  pigs  were  put  into  separate  recording- 
cages  in  a  small  room  in  the  vault.    The  rubber  tubing  from  the 

TABLE  4 
The  influence  of  temperature  upon  the  activity  of  the  guinea  pig 


DATE 

TBlfPBBATURS 
12  NOON 

OUINBA  PIO  A 

OUINBA  PIO  B 

OUINBA  PIO  C 

AVBBAOB 
A£7TIVITT 

April  4 

65« 

17.3 

20.6 

19.1 

19.0 

April  5 

es** 

21.7 

20.4 

21.8 

21.3 

April  6 

es** 

21.2 

23.4 

21.0 

21.8 

April? 

e5« 

21.2 

22.8 

20.0 

21.3 

Aprils 

79** 

17.0 

20.0 

20.3 

19.1 

April  9 

83* 

15.8 

17.3   . 

16.3 

16.4 

April  10 

85^ 

10.0 

13.0 

13.4 

12.1 

April  11 

85^ 

12.7 

13.3 

11.6 

12.6 

April  12 

79^ 

15.1 

15.3 

14.9 

16.1 

April  13 

84** 

12.0 

11.3 

7.7 

10.3 

April  14 

86^ 

10.8 

9.0 

7.7 

9.1 

April  16 

87* 

10.4 

12.1 

10.7 

11.1 

Aprilie 

87** 

8.3 

7.5 

8.1 

7.9 

cages  was  passed  through  small  holes  in  the  door  frame  and  con- 
nected with  the  recording  device  outside  the  door.  The  door  was 
kept  shut  and  was  opened  only  a  few  minutes  each  day  to  give 
the  guinea  pigs  fresh  water  and  food.  The  room  was  heated  by  a 
Majestic  electric  heater.  A  Friez  thermograph  recorded  the 
temperature. 

Records  were  taken  of  the  amount  of  activity  of  the  guinea 
pigs  at  the  normal  dark  temperature  of  the  vault,  65°F.,  for  four 
days.  The  electric  heater  was  then  turned  on  for  four  days  and 
records  were  taken  of  the  activity  of  the  guinea  pigs.  The 
heater  was  turned  oflf  for  twenty-four  hours  and  then  put  on 
again  for  four  days,  and  activity  records  were  taken. 
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The  records  were  measured  in  the  usual  way  and  the  amount 
of  activity  for  each  day  is  recorded  in  table  3.  The  average 
amount  of  activity  for  the  three  guinea  pigs  at  the  normal 
temperature  of  the  vault,  65°F.,  was  20.8  hours.  As  the  tem- 
perature increased  the  amount  of  activity  decreased  (see  fig.  4). 
At  79°  there  were  19.1  hours  of  activity  and  at  85°  there  were  12.1 
and  12.5  hours  of  activity.  When  the  electric  heater  was  turned 
off  for  24  hours  the  temperature  fell  to  79°  and  the  amount  of 
activity  rose  to  15.1  hours.  The  room  was  again  heated  and  the 
temperature  rose  to  87°  and  the  amount  of  activity  decreased 
to  7.9  hours  on  the  last  day. 
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FiQ.  4.  The  Relation  Between  Activity  and  Temperature 

The  activity  curve  is  an  average  activity  of  three  pigs  for  twenty-four  hours. 
The  temperatures  were  read  from  the  thermograph  tracing  at  4:00  p. m.  on  each 
day  of  the  experiment.    See  table  4  and  text  for  details. 

The  general  appearance  of  the  records  is  quite  different  for  the 
days  when  the  temperature  was  high  as  compared  with  the 
normal  activity  records.  The  "continuous"  activity  periods 
are  very  short  and  are  broken  by  short  quiet  periods.  The 
ampUtude  of  the  movements  is  considerably  reduced.  There 
are  long  periods  of  absolute  quiet  which  are  never  found  in  a 
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nonnal  activity  record.  We  find  from  this  experiment  that  there 
is  a  decided  decrease  in  the  activity  of  the  guinea  pig  with  an 
increase  in  temperature.  The  experiment  therefore  corrobor- 
ates our  casual  observations  of  the  reduced  activity  of  guinea 
pigs  at  elevated  laboratory  temperatures. 

The  nature  of  the  activity  and  rest  of  the  guinea  pig 

From  the  records  obtained  of  the  activity  of  the  guinea  pig, 
it  was  found  the  activity  was  divided  up  into  periods  of  con- 
tinuous activity  and  intermittent  activity.  The  latter  con- 
tained numerous  short  quiet  periods.  The  question  therefore 
arose:  Is  the  guinea  pig  practically  continuously  active  with 
just  snatches  of  rest  or  does  he  actually  go  to  sleep  and  move  in 
his  sleep?  The  only  way  to  settle  the  question  was  to  watch 
the  guinea  pigs  and  find  out  by  observation. 

For  this  experiment  a  hole  5  inches  long  and  2.5  inches  wide 
was  cut  in  the  door  which  led  into  the  room  where  the  experi- 
ments were  in  progress.  The  guinea  pigs  were  placed  as  near  the 
door  as  possible  and  a  foot  from  the  floor.  It  was  found  that 
only  four  cages  could  be  conveniently  observed  at  the  same  time. 
Long  narrow  mirrors  were  placed  beyond  the  two  farthest  cages 
to  aid  in  seeing  the  faces  of  the  guinea  pigs  when  their  backs 
were  turned  toward  the  observer.  The  room  was  lighted  by  two 
75  watt,  nitrogen,  daylight  bulbs  hung  low  over  the  cages.  The 
observer  sat  on  a  stool  on  the  other  side  of  the  door  with  his 
eyes  about  6  inches  from  the  hole. 

The  experiment  was  started  at  11:30  in  the  morning  and  con- 
tinued until  11:30  the  next  morning.  During  the  day  the  ob- 
server watched  for  periods  of  two  to  four  hours  but  from  nine 
o'clock  in  the  evening  until  seven  the  next  morning  the  shifts 
were  never  over  two  hours.  This  was  to  prevent  loss  of  interest 
from  fatigue  on  the  part  of  the  observer.  The  four  guinea  pigs 
were  watched  constantly  and  every  movement  and  any  signs  of 
rest  were  carefully  noted.  Observations  concerning  the  condi- 
tion of  each  of  the  guinea  pigs  were  written  down  every  five 
minutes  and  in  many  cases  more  often. 
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The  following  facts  seem  worth  recording.  The  guinea  pigs 
divided  their  time  into  constant  activity  and  intermittent  activ- 
ity. During  the  former  they  ran  about  their  cages,  with  occar 
sional  leaps  and  jumps,  called  out  to  each  other,  tried  to  climb 
up  the  sides  of  their  cages  and  gnawed  at  the  wire  netting  or 
drinking  cups.  They  would  play  with  their  food,  dig  in  the  food 
dish  and  scratch  for  choice  bits  in  their  bedding.  They  were 
wide  awake  and  free  from  any  fear.  During  these  periods  all 
the  guinea  pigs  were  more  or  less  simultaneously  active.  Their 
activity  would  increase  to  a  certain  pitch  and  gradually  they 
would  quiet  down  again.  These  periods  were  longer  than  the 
less  active  periods  and  more  frequent.  They  would  vary  greatly 
in  the  pitch  to  which  the  activity  rose. 

The  intermittent  periods  were  slightly  different.  They  might 
be  divided  into  fear,  quiet  eating,  and  actual  rest.  The  guii\ea 
pigs  in  this  experiment  seemed  to  be  conscious  most  of  the  time 
of  the  presence  of  the  observer,  but  this  factor  did  not  distmrb 
them  to  a  great  extent  as  they  were  all  very  tame.  However, 
moving  the  stool  or  dropping  a  book  would  startle  them  and 
thereafter  they  would  sit  quietly  watching  the  hole  in  the  door 
as  long  as  fifteen  minutes  at  a  time.  These  periods  of  fear  were 
rather  frequent  due  to  the  short  shifts. 

The  guinea  pig  would  often  sit  beside  the  food  dish  eating 
quietly  and  it  was  noticed  that  very  slight  movements  such  as 
chewing  slowly  did  not  record  on  the  dnun.  The  guinea  pigs 
spent  most  of  their  time  eating.  The  actual  rest  periods  were 
few  and  of  short  duration.  A  guinea  pig  would  relax  and  settle 
into  a  little  heap  in  a  comer  of  the  cage  and  even  put  his  head 
down  but  he  would  never  stay  quiet  for  more  than  a  minute  or 
two  at  a  time.  He  would  constantly  move,  yawn,  stretch  him- 
self, and  make  movements  with  his  jaws.  He  would  remain  in 
this  quiet  state  for  some  time  but  he  would  continually  be  inter- 
rupted by  something  and  then  settle  down  again.  In  these 
rest  periods,  the  guinea  pig  would  frequently  partly  close  his  eyes 
but  in  only  one  instance  did  an  observer  state  a  guinea  pig  had 
his  eyes  completely  closed. 
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The  actual  amount  of  activity  was  measured  on  the  record  and 
also  for  the  three  succeeding  days.  It  was  found  that  diuing 
the  twenty-four  hours  of  observation,  there  was  a  considerable 
falling  oflf  from  the  nonnal  amount  of  activity  as  previously 
determined.  As  stated  above  the  guinea  pigs  seemed  conscious 
of  the  observer  and  there  was  probably  an  inhibition  from  fear. 
This  inhibition  persisted  to  a  less  extent  the  next  day  and  disap- 
peared the  second  day.    The  exact  data  are  shown  in  table  5. 

TABLES 

The  amount  of  activity  in  hours  of  the  four  guinea  pigs  in  the  observation  experiment 
and  the  three  succeeding  days 


DATS 

OX7INBA  PIO  1 

GUINEA  PIO  2 

GUINEA  PIG  8 

GUINEA  PIG  i 

November    19    observation 
experiment 

14.6 
15.6 
19.8 
17.0 

15.4 
16.8 
.22.7 
20.7 

13.8 
16.0 
18.9 
18,0 

15.9 

November  20 

18.1 

November  21 

19.2 

November  22 

19.8 

Comparative  activity  of  the  guinea  pig  and  the  rat 

Before  completing  the  experiments  on  the  nonnal  behavior  of 
the  guinea  pig  it  was  thought  advisable  to  make  some  compara- 
tive studies  with  another  animal.  The  white  rat  was  chosen  for 
this  purpose  for  two  reasons.  It  belongs  to  the  same  order  as  the 
guinea  pig  and  its  size  is  convenient.  A  male  white  rat  is  not 
much  smaller  than  a  young  guinea  pig.  Furthermore,  Richter 
(loc.  cit.)  has  made  an  extensive  study  of  the  behavior  of  the 
rat. 

In  these  experiments  a  study  was  made  of  the  activity  of  the 
guinea  pig  and  rat  when  together  in  the  vault  and  also  when  alone. 
The  animals  were  all  males  and  were  about  two  and  a  half  months 
old.  Four  animals  were  put  into  separate  recording-cages  in 
the  vault  with  a  rat  alternating  with  a  guinea  pig.  As  the  cages 
were  arranged  in  the  form  of  a  square  a  rat  had  a  guinea  pig 
pig  on  each  side  of  him  and  a  rat  opposite  him.  All  four  cages 
were  covered  with  mosquito  netting.  The  wire  netting  was 
necessary  to  prevent  the  rats'  escaping  from  their  cages.    It  was 
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put  over  the  cages  of  the  giimea  pigs  so  as  to  make  the  conditiona 
the  same.  The  animals  were  given  their  customary  diet.  The 
guinea  pigs  had  cut  hay  for  bedding  and  oats  and  water.  The 
rats  were  given  paper  bedding  and  oatmeal  and  milk.  The 
experiments  were  carried  on  in  the  dark. 

In  the  first  experiment  the  four  animals  were  taken  into  the 
vault  and  records  were  taken  of  their  activity  for  periods  of  24 
hours.  The  records  were  then  measured  as  in  the  previous 
experiments.  This  time  the  amount  of  rest  was  determined  as 
well  as  the  amount  of  activity.  The  two  guinea  pigs  in  4  days 
showed  an  average  activity  of  22.28  hours  while  the  rats  showed 
11.5  hours.  Thus  the  guinea  pig  was  almost  twice  as  active  as  the 
rat.  The  guinea  pig  showed  an  average  of  1.75  hours  of  rest  and 
the  rat  an  average  of  12.5  hours.  The  guinea  pig  spent  93  per 
cent  of  the  24  hours  in  activity  and  7  per  cent  in  rest,  while  the 
rat  spent  48  per  cent  of  the  time  in  activity  and  52  per  cent  in 
rest. 

There  is  a  possibility  in  the  above  experiment  that  the  rats 
and  guinea  pigs  might  have  influenced  each  other  to  greater  or  less 
activity  than  normal.  Therefore  another  experiment  was  car- 
ried out,  in  which  the  rats  and  guinea  pigs  were  put  in  the  vault 
alone  and  their  activity  recorded.  The  two  guinea  pigs  were 
taken  into  the  vault  and  their  activity  was  recorded  to  2  days, 
then  they  were  removed  and  the  two  rats  were  taken  down  and 
their  activity  was  recorded  for  2  days.  The  guinea  pigs  showed 
an  average  activity  of  21.25  hours  and  the  rats  an  average  activity 
of  9.87  hours.  In  the  same  period  the  guinea  pigs  showed 
2.77  hours  of  rest  the  rats  14.1  hours.  Thus  the  guinea  pigs 
when  alone  spent  89  per  cent  of  their  total  time  in  activity  and 
11  per  cent  in  rest.  The  rats  spent  41  per  cent  of  their  total 
time  in  activity  and  59  per  cent  in  rest.  If  we  consider  9.87 
hours,  the  amount  of  activity  when  the  rat  was  alone  as  his  nor- 
mal activity,  the  relative  increase  in  activity  when  the  rat  was 
with  the  guinea  pig  is  16.5  per  cent  while  the  guinea  pig  showed 
an  increase  of  only  4.8  per  cent.  The  extreme  activity  of  the 
guinea  pig  may  have  disturbed  the  rat  and  prevented  him  from 
taking  as  much  rest  as  would  normally  be  the  case. 


Digitized  by 


Google 


SPONTANEOUS  ACTIVITY  OF  THE   GUINEA   PIG  327 

In  comparing  the  amount  of  activity  during  the  day  with  the 
amount  of  activity  during  the  night,  the  guinea  pig  and  the  rat 
are  quite  different.  The  day  is  taken  from  six  in  the  morning 
to  six  at  night  and  the  night  from  six  in  the  evening  to  six  the 


Fig.  5.  The  Relative  Diurnal  (A)  and  Nocturnal  (B)  Activity  of  One 
Rat  and  Two  Guinea  Pigs  Taken  on  the  Same  Record  op  Twenty- 
four  Hours  in  the  Dark 

Note  the  reduced  general  activity  of  the  rat  during  the  day 

next  morning.    The  guinea  pig  shows  10.4  hours  of  activity  at 
night  and  10.8  hours  during  the  day.     The  rat  shows  6.27  hours 
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of  activity  at  night  and  3.6  hours  during  the  day.  There  is, 
therefore,  an  increase  of  acti^dty  at  night  of  about  80  per  cent 
which  agrees  with  the  well  known  nocturnal  habits  of  the  wild 
rat.  The  absence  of  a  distinctly  nocturnal  habit  in  the  guinea 
pig  is  strikingly  demonstrated  by  the  above  figures.  The 
relative  activity  of  two  guinea  pigs  and  one  rat  from  noon  till 
2 :  00  p.m.,  and  from  midnight  till  2 :  00  a.m.  are  shown  in  figure  5. 

CONCLUSIONS 

1.  When  guinea  pigs  are  placed  in  an  environment  free  from 
abnormal  and  disturbing  stimuli  and  under  constant  conditions 
of  temperature  (65°  plus  or  minus  1°F.)  and  humidity  (42  per 
cent  relative)  they  are  found  to  be  extraordinarily  active.  There 
are  no  alternations  of  protracted  complete  rest  periods  and 
activity.  The  time  is  divided  into  periods  of  "continuous" 
activity  and  ''intermittent"  activity.  During  the  former  they 
are  continuously  active  and  in  the  latter  the  periods  are  broken 
by  small  rest  periods  averaging  three  to  four  minutes  in  length. 
There  is  no  nocturnal  or  diurnal  rhythm.  In  the  dark,  at  a 
temperature  of  65°F.,  they  show  an  average  activity  of  21.6 
hours  out  of  24. 

2.  With  constant  illumination  and  a  temperature  of  OT^'F. 
guinea  pigs  show  an  average  activity  of  20.64  hours  out  of  the 
24.  The  temperature  rise  of  2°F.  is  too  small  to  account  for 
the  reduced  activity.  There  is  thus  approximately  6  per  cent 
less  activity  in  the  light  than  in  the  dark. 

3.  In  comparing  the  activity  of  single  animals  and  groups,  it 
was  found  that  the  presence  of  other  normal  guinea  pigs  does 
not  significantly  affect  the  activity  of  a  single  pig. 

4.  There  is  apparently  little  difference  in  the  amount  of  activity 
of  guinea  pigs  ranging  in  age  from  one  to  nine  months.  The 
young  guinea  pigs  showed  an  average  activity  of  21.19  hours, 
the  three  month  old  animals  21.6  hours,  and  the  nine  month  old 
guinea  pigs  21.18  hours. 

5.  In  comparing  the  activity  of  the  sexes,  the  male  guinea  pigs 
showed  a  sUghtly  greater  average  activity  than  the  females. 
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In  the  dark  the  difference  is  plus  2.8  per  cent  and  in  the  light 
plus  3.4  per  cent. 

6.  Guinea  pigs  fed  for  an  hour  a  day  showed  a  slightly  higher 
average  activity  than  when  they  had  food  in  the  cage  all  of  the 
time.  In  the  course  of  a  week,  however,  they  showed  an  average 
loss  in  weight  per  pig  of  13.6  grains. 

7.  When  three  guinea  pigs  were  given  no  food  for  three  days, 
there  was  a  falling  off  of  activity  from  15,6  hours  to  7.3  hours. 
There  was  also  a  rapid  decrease  in  weight. 

8.  When  guinea  pigs  were  fatigued  to  the  point  of  extreme 
exhaustion  m  a  revolving  cage,  upon  being  put  back  into  their 
recording-cages,  they  immediately  started  to  eat  and  con- 
tinued to  eat  for  at  least  two  hours.  It  seems  from  these  results 
that  eating  is  more  essential  than  sleeping  in  the  recovery  of  the 
guinea  pig  from  fatigue. 

9.  The  amount  of  distribution  of  the  activity  of  the  guinea  pig 
is  influenced  by  the  external  temperature.  At  high  temperatures 
(80-85°F.)  t^e  normal  activity  of  the  guinea  pigs  drops  off  over 
50  per  cent.  At  a  high  temperature  they  show  short  activity 
periods  and  long  periods  of  quiet. 

10.  By  observation  it  was  found  that  during  "intermittent" 
activity  guinea  pigs  would  settle  into  a  relaxed  condition  but 
would  never  remain  quiet  for  more  than  two  or  three  minutes  at 
a  time.  In  these  short  rest  periods  the  guinea  pig  would  partly 
close  his  eyes  and  sometimes  rest  his  head  on  the  hay  bedding. 
The  guiilfea  pig  spends  most  of  his  time  eating. 

11..  Jn  comparing  the  guinea  pig  with  the  white  rat,  the  guinea 
pig  was  found  to  spend  89  per  cent  of  the  twenty-four  hours  in 
activity  and  11  per  cent  in  rest.  The  rat  was  found  to  spend  41 
per  cent  in  activity  and  59  per  cent  in  rest.  The  activity  of  the 
guinea  pig  was  evenly  divided  between  tHe  day  and  night.  Our 
rats,  however,  were  found  to  be  80  per  cent  more  active  at  night 
than  in  the  day. 

12.  It  is  certain  that  sleep  does  not  play  a  rdle  in  the  normal 
life  of  the  guinea  pig  comparable  to  the  sleeping  of  rats,  mice  and 
other  mammals.  We  are  not  prepared  to  say  that  the  guinea 
pig  never  sleeps,  but,  in  an  extensive  inquiry  among  laboratory 
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workers,  we  have  thus  far  failed  to  find  anyone  who  recalls  having 
seen  a  guinea  pig  sleeping. 
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ATTENTION,  DISTRACTION  AND  FATIGUE 

F.  C.  DOCKERAY 
Okio  Wesleyan  University 

INTRODUCTION 

The  experiments  to  be  reported  were  designed  to  study  certain 
factors  involved  in  the  capacity  for  mental  work,  or  activity, 
under  various  conditions  of  distraction  and  mental  and  physical 
fatigue.  In  1915  we  published  the  result  of  experiments  involv- 
ing partial  fatigue  of  isolated  groups  of  muscles  as  well  as  of 
larger  groups,  or  what  might  be  called  general  fatigi)9«.i,^11ie 
results  on  the  whole  were  rather  ambiguous,  particuteriy^ 
with  the  addition  and  multiplication  tests,  though  the  sounder 
test  there  described  seemed  to  offer  more  promising  possibilities. 
It  was  assumed  that  the  chief  advantage  of  this  test  rested  in 
the  fact  that  speed  of  performance  was  controlled  and  the  subject 
was  required  to  discriminate  the  sounds  at  the  given  rate,  thus 
allowing  a  single  variable  in  his  performance.  The  principal 
advantage  of  this  was  the  added  incentive.  When  speed  and 
accuracy  both  depended  upon  the  subject,  there  was  a  tendency 
to  default  in  one  or  the  other. 

Further  experiments  with  the  sounder  test  were  planned 
along  two  lines;  first,  the  effects  of  continuous  distraction  for  a 
period  of  fifteen  or  twenty  minutes  were  to  be  investigated  by 
Miss  Emily  Berger,^  a  graduate  student  at  the  University  of 

'  The  effects  of  physical  fatigue  on  mental  efficiency,  Kansas  University 
Science  Bulletin,  1915,  ix,  107-243. 

*  Miss  Berger  very  faithfully  performed  her  part  of  the  task  in  the  years  1015- 
17.  The  war  then  interrupted  the  work  and  nothing  further  was  attempted  until 
the  spring  of  1920.  Then  her  sudden  illness  and  death  left  the  work  still  un- 
finished. The  data,  more  or  less  disorganised  by  these  conditions,  was  turned 
over  to  me  and  I  have  pieced  them  together  as  best  I  could.  A  great  deal  of  the 
information  for  the  interpretation  of  the  results  is  missing,  through  no  neglect 
of  Miss  Berger.— F.  C.  D. 
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ICansas,  and  second^  the  investigation  of  the  effects  of  physical 
and  mental  activity  under  more  controlled  conditions  than  fa- 
vored the  earlier  investigations  were  to  be  undertaken  by  the 
author.  Miss  Berger's  experiments  and  a  few  preliminary  ex- 
periments in  mental  fatigue  are  reported  here,  not  so  much  because 
of  their  intrinsic  interest  as  because  they  point  out  some  of  the 
errors  affecting  this  type  of  investigation  and  also  indicate  the 
line  of  development  of  the  test  to  be  described  in  the  second 
part  of  this  report. 

APPARATUS   AND   METHOD 

The  procedure  was  practically  the  same  in  these  experiments 
as  in  the  earlier  tests.  Four  sounders,  tuned  to  slightly  dif- 
ferent pitch  and  intensity,  were  sounded  in  irregular  order, 
one  every  second.  A  fifth  sounder,  the  intensity  of  which  could 
be  varied,  sounded  with  each  of  the  other  four  in  order  that  the 
difficulty  of  discrimination  could  be  more  successfully  r^ulated 
An  important  change  in  the  method  was  the  introduction  of  an 
apparatus  for  operating  the  sounders  automatically.' 

This  automatic  contact  apparatus  was  designed  somewhat  on 
the  order  of  a  player  piano  except  that  instead  of  air  currents 
through  the  holes  in  the  paper  electric  contacts  were  made. 
Adding  machine  paper  4^  inches  wide  was  used  in  which  to 
punch  the  pattern,  as  it  was  the  most  conveniently  obtained. 
Four  rows  of  holes  2  mm.  x  8  mm.  were  cut  transversely  along 
one  side  of  the  paper  with  a  specially  constructed  punch.  The 
rows  were  2  mm.  apart  in  the  longitudinal  direction  of  the  paper 
while  the  holes  occurred  every  centimeter,  but  seldom  two  holes 
in  succession  in.  the  same  row.  The  pattern  so  constructed  was 
made  as  irregular  as  possible  and  as  the  paper  was  180  feet  long 
there  was  little  possibility  that  a  subject  would  memorize  it. 
The  signal  indicating  the  sounder  to  which  the  subject  should 

*  Financial  aid  in  the  construction  of  this  apparatus  and  for  hiring  subjects 
for  the  experiments  was  furnished  by  the  Research  Committee  of  the  Graduate 
College  of  the  University  of  Kansas.  The  first  apparatus  was  constructed  with 
this  aid.  Our  transfer  to  Ohio  Wesleyan  University  prevented  the  further  use 
of  the  fund  for  the  employment  of  subjects. 
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react  was  produced  by  cutting  five  holes  in  one  row  half  as  far 
apart  as  the  regular  interval  followed  by  one  regularly  spaced 
in  another  row  and  a  return  to  one  regularly  spaced  in  the  same 
row  with  the  signals.  Thus,  the  five  in  one  row  serve  as  the 
signal,  but  the  subject  is  given  the  added  cue  that  he  knows  that 
the  second  one  following  the  signal  will  be  the  same  as  the  signal. 

As  the  pattern  of  holes  occupied  only  about  one-third  of  the 
paper,  the  remaining  two-thirds  could  be  used  for  a  permanent 
record  of  the  subjects  reactions.  For  this  purpose  an  electric 
mark^  provided  with  an  indellible  pencil  was  employed.  To 
make  the  record  more  distinct  without  the  pencil  resting  too 
heavily  upon  the  paper  to  ensure  easy  movement  of  the  pencil  a 
small  sponge  inserted  in  the  end  of  a  glass  tube  was  so  adjusted 
that  it  rested  Ughtly  upon  the  paper  just  ahead  of  the  pencil  and 
would  dampen  the  paper  slightly  just  before  the  paper  passed 
under  the  pencil.  The  sponge  was  kept  wet  by  keeping  the  glass 
tube  filled  with  water.  Later  the  method  was  somewhat  im- 
proved by  substituting  a  no.  2  fountain  pen  with  the  barrel  re- 
moved. By  keeping  this  clean  it  proved  to  be  more  reliable  and 
more  easily  adjusted  than  the  pencil.  Though  the  use  of  the 
pattern  paper  for  the  record  necessitates  the  cutting  of  more 
papers  as  one  paper  is  filled,  by  using  both  sides  of  the  paper 
between  twenty  and  thirty  parallel  records  can  be  made.  As 
the  long  paper  will  run  a  series  over  an  hour  and  a  half  long,  one 
paper  is  good  for  approximately  forty-five  hours.  By  cutting 
five  papers  at  one  time  the  labor  of  cutting  patterns  is  consider- 
ably r^uced.  The  ease  of  reading  the  records  also  compensates 
for  the  extra  labor  of  cutting  the  patterns.  To  run  one  paper  for 
the  pattern  and  another  for  the  record  would  i;iecessitate  some 
method  of  ensuring  that  they  ran  at  exactly  the  same  rate  or  the 
devising  of  some  method  of  marking  their  correspondence. 
Reading  the  record  would  be  less  easily  accomplished  than  in 
the  present  method. 

The  apparatus  to  carry  the  paper  is  simple.  The  paper  is 
wound  upon  a  brass  reel  and  from  this  passes  over  a  horizontal 
brass  tube  1  inch  in  diameter  with  adjustable  flanges  that  guide 
the  paper.    Two  rollers,  constructed  from  the  platen  roll  of  a 
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typewriter,  operate  to  draw  the  paper  along.  One  of  these  rollers 
is  held  tightly  against  the  other  by  adjustable  springs.  The 
other  is  turned  by  a  worm  reducing  gear  which  is  in  turn  attached 
by  a  small  shaft  to  a  friction  reducing  gear.  At  this  point  the 
finer  adjustments  of  speed  are  controlled.  To  this  reducing  gear 
is  attached  a  |  h.p.,  A.  C.  motor,  which  is  larger  than  is  necessary 
but  is  as  constant  as  desired  fpr  this  work.  As  the  paper  passes 
through  the  rolls  it  can  be  wound  on  to  a  second  reel  ready  for 
transfer  to  the  original  position  or  allowed  to  run  off  the  end 
of  the  table.  In  our  first  arrangement  platinum  was  soldered  to 
the  brass  tube  at  the  positions  of  the  four  rows  of  holes  in  the 
pattern  paper.  Above  these  were  four  spring  brass  contacts 
tipped  with  platinum  under  which  the  pattern  passed.  This 
arrangement  caused  puzzling  difficulties,  as  frequently  the  con- 
tacts failed  entirely  or  were  imperfect.  Apparently  dust  or  the 
fiber  of  the  paper  collected  and  for  the  brief  time  allowed  for 
contact  produced  an  effective  insulation.  After  trying  various 
methods  to  eliminate  this  defect  the  sliding  platinum  contacts 
were  replaced  with  small  wheels  of  glass  cutters  which  rested 
directly  upon  the  brass  tube  when  a  hole  passed  under.  By 
exercising  care  to  keep  the  bearings  of  these  wheels  clean,  where 
dust  and  fiber  still  collect,  the  contacts  have  proved  very 
satisfactory.  Mr.  Reeves  has  called  our  attention  to  Mr.  Jones' 
solution^  of  the  same  difficulty  in  a  similar  apparatus  at  the 
laboratory  of  the  Eastman  Kodak  Company  by  a  more  ingenious 
method  and  has  kindly  offered  assistance  in  the  construction 
of  a  contact  nlaker  along  similar  lines  that  would  meet  our  needs. 
At  present,  however,  the  simpler  design  seems  to  meet  our  re- 
quirements satisfactorily.  It  is  seldom  that  a  contact  misses 
or  is  defective. 

DISTRACTION    TESTS 

Our  earlier  experiments  in  fatigue  indicated  that  frequently 
disturbances  during  the  test  would  appear  to  have  a  beneficial 
effect  rather  than  to  operate  as  a  distraction.    The  question  arose 

*  JoneBi  L.  A.,  A  new  non-intermittent  sensitometer,  Jour,  of  the  Franklin 
Institute,  March,  1920. 
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whether  this  would  be  true  if  the  distractor  were  continuous 
throughout  the  test  and,  if  so,  whether  it  would  be  the  same  for 
all  subjects.  Morgan^  has  shown,  since  Miss  Berger's  work  was 
begun,  that  a  continuous  distraction  may  be  overcome  and  that 
it  is  overcome  by  the  expenditure  of  greater  energy.  Cassel  and 
DaUenbach,*  by  the  introspection  method,  conclude  that  the 
distraction  may  work  either  way,  but  that  the  intermittent  dis- 
tractor is  the  most  resistant  to  habituation. 

In  Miss  Berger's  experiments  two  types  of  distractions  were 
used,  an  electric  buzzer  placed  10  feet  from  the  subject  and  a 
weak  induction  shock  administered  to  the  left  forearm.  The 
buzzer  was  tuned  to  produce  a  clear,  fairly  intense  noise.  As  it 
was  placed  10  feet  to  the  side  of  the  subject  while  the  sounders 
to  be  discriminated  were  in  a  small  box  on  the  table  about  2 
feet  in  front  of  the  subject,  it  was  assumed  ttere  would  not  nec- 
essarily be  any  confusion  of  the  noise  with  the  click  of  the  sound- 
ers, except  that  due  to  distraction.  For  the  induction  shock 
a  small  copper  plate  bound  to  the  forearm  with  a  broad  rubber 
band  served  as  one  electrode.  The  other  electrode,  a  short 
brass  cylinder,  was  held  in  the  left  hand.  Unfortunately  both  of 
these  distractors  varied  considerably  in  intensity.  In  a  few 
instances  the  induction  shock  would  become  so  intense  as  to  be 
decidedly  painful  with  extreme  contraction  of  the  muscles 
stimulated.  The  results,  therefore,  fall  into  two  classes,  with 
continuous  and  intermittent  distractors. 

Two  tests  constituted  a  days  series,  a  normal  test  of  twenty 
minutes  followed  twenty  minutes  later  by  a  twenty-minute 
test  with  distraction.  Usually  the  order  was  reversed  on  alter- 
nate days.  The  apparatus  was  adjusted  to  present  one  sounder 
click  every  second.  The  signals  occurred  at  the  beginning  of 
each  second.  In  each  four  minutes  each  sounder  was  signaled, 
though  not  always  in  the  same  order.  The  subject  was  seated 
in  a  relatively  quiet  room.    The  contact  apparatus  was  set  up 

*  Morgan,  J.  J.  B.,  Overcoming  distractions  and  other  resistances,  Arch,  of 
Psych.,  1016,  no.  35. 

*  Cassel  and  Dallenbach,  The  effect  of  auditory  distractions  upon  sensory 
reaction,  Amer.  Jour,  of  Psych.,  1918,  xxix,  129-143. 
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in  the  adjoining  room.  This  was  not  absolutely  isolated  from 
the  subject's  room,  but  what  sound  there  was,  was  uniform 
throughout  the  entire  series.  The  subject  was  instructed  to 
select  the  sound  signaled  and  react  by  pressing  the  key  every 
time  this  one  occurred.  After  one  minute  a  second  signal  would 
be  given  and  so  on.  Two  types  of  failure  are  possible.  Either 
he  fails  to  react  to  the  proper  sound,  termed  ''omissions''  in  these 
results,  or  he  may  react  to  the  wrong  sound,  termed  "error" 
for  convenience.  As  five  seconds  were  required  for  the  signal, 
the  subject,  to  make  a  perfect  score,  would  react  fourteen  times 
per  minute.  All  the  subjects,  except  Miss  Berger  and  the  writer, 
were  advanced  imdergraduates  in  psychology.  AH  knew  in 
a  general  way  the  nature  of  the  experiments,  but  were  instructed 
to  take  a  neutral  attitude  and  do  their  best  under  all  conditions. 
As  there  was  no  way  for  a  subject  to  know  or  estimate  how  well 
he  was  doing,  the  element  of  rivalry  was  fairly  well  eliminated. 
The  lack  of  knowledge  of  performance  is  an  important  feature 
with  some  disadvantages. 

Discussion  of  restdts 

The  results  are  summarized  in  table  1.  In  the  second  column 
the  order  of  the  two  daily  tests  is  indicated,  as  normal  followed 
by  distraction  (N-D).  Under  per  cent  omissions  is  given  the 
per  cent  of  times  the  subject  failed  to  react  to  the  correct  soimd 
and  under  per  cent  error  is  recorded  the  per  cent  of  reactions  to 
the  wrong  soimds.  As  there  are  three  times  as  many  possibilities 
to  react  to  the  wrong  sounds,  this  per  cent  is  based  upon  the 
corresponding  nimiber.  The  sum  of  these  two  columns  is  given 
under  ''total  per  cent." .  The  ratios  of  the  results  with  distraction 
to  the  results  with  normal  conditions  were  determined  by  divid- 
ing the  total  per  cents  of  failures  imder  distraction  by  the  total 
per  cents  of  failures  under  normal.  As  all  results  in  this  series 
of  experiments  represent  failures,  if  the  ratio  is  above  100,  it 
represents  that  the  subject  made  a  poorer  showing  under  distrac- 
tion than  under  normal.  The  average  of  the  results  is  given  at 
the  bottom  of  each  column.    As  there  are  so  few  results  for  each 
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subject,  the  average  of  the  extremes  instead  of  the  average 
deviation,  is  given  as  a  check  upon  the  average.  In  the  last 
column  are  given  such  data  as  were  available  regarding  the  con- 
ditions of  the  test  and  introspective  reports  of  the  subjects. 
As  remarked  above,  it  has  been  impossible  to  find  all  the  data 
concerning  each  test. 

It  will  be  seen  that  the  results  present  no  constant  tendency. 
The  average  ratio  for  A.  is  103,  though  five  of  the  nine  tests 
would  indicate  that  she  did  better  with  the  distraction  than  with 
the  normal.  One  might  assimie  that  in  this  case  the  order  of 
the  tests  influenced  the  results.  The  poorest  showings  are  made 
when  the  distraction  test  follows  the  normal.  From  previous 
experience  with  the  sounder  test  we  would  expect  the  results 
of  the  second  test  to  be  better  than  in  the  first,  due  to  practice 
effect.  It  does  not  seem  probable  that  the  order  of  the  tests 
has  played  a  significant  part  in  this  case.  There  is  also  little 
agreement  between  A's  introspections  and  the  results.  In  the 
first  tests  the  distraction  seemed  to  make  the  test  easier,  though 
she  did  51  per  cent  more  poorly  than  in  the  normal  test.  In  the 
next  day's  work  the  current  was  so  strong  that  it  caused  involun- 
tary twitching  of  the  muscles.  Yet  the  test  with  distraction  is 
sli^tly  better  than  in  the  normal.  On  the  fifth  day  the  in- 
trospections and  results  again  disagree. 

Br.'s  results  are  divided  into  two  groups,  because  they  were 
secured  in  separate  years,  the  first  set  with  the  buzzer  and  the 
second  set  with  the  induction  shock.  In  both  groups,  except 
for  a  single  exception  in  each,  there  is  marked  superiority  with 
the  distraction.  The  results  of  Do.  were  also  divided  according 
to  years.  The  first  group  shows  consistent  superiority  with 
distraction,  though  the  second  group  is  more  ambiguous.  The 
other  subjects  show  considerable  variation,  which  seems  to  bear 
no  relation  to  their  own  judgment  of  their  performance,  unless 
it  is  a  contradictory  one.  A  simamary  of  the  results  and  the 
available  introspections  indicates  two  facts;  first,  in  the  great 
majority  of  cases  the  subject  wrongly  estimates  his  performance 
and  the  influence  of  the  distraction  and  second,  he  frequently 
indicates,  directly  or  indirectly,  that  greater  effort  was  involved. 
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This  points  to  an  important  weakness  in  this  and  similar  types 
of  test  for  the  study  of  fatigue  and  allied  conditions,  to  which 
we  will  return  after  discussing  further  experiments  with  the 
sounder  test  dealing  with  mental  fatigue. 

MENTAL    FATIGUE 

The  procedure  in  these  experiments  was  similar  to  that  abeady 
described,  except  that  two  tests  of  fifteen  minutes  each  were 
given,  separated  by  an  interval  of  one  hour.  On  one  day  the 
subject  was  permitted  to  rest  this  hour.  No  specific  instructions 
were  given  regarding  the  employment  of  this  time  other  than 
that  he  must  not  apply  himscJf  to  any  continuous  task,  such  as 
study,  writing  letters  or  serious  discussion.  He  might  read  the 
morning  paper  providing  he  did  so  with  an  indifferent  attitude. 
The  aim  was  that  the  rest  period  should  not  cause  ennui,  but 
should  be  a  genuine  relaxation.  An  equal  number  of  periods  were 
filled  with  strenuous  mental  exercise  of  a  controlled  type.  Or- 
dinary problems  in  addition  and  multiplication  were  considered 
unsatisfactory  as  this  type  of  exercise  too  nearly  resembles  the 
usual  work  of  the  average  student.  We  would  hardly  expect  a 
marked  effect  in  one  hour.  Accordingly  we  adopted  addition 
from  dictation.  A  pendulum  was  set  to  swing  once  a  second,  a 
little  slower  for  the  poorer  subjects  and  somewhat  faster  for 
one,  Bm.  The  writer  could  see  the  swinging  pendulimi  by 
indirect  vision  and  dictate  single  digits  clearly  and  sharply  with 
each  swing  of  the  pendulum.  After  the  tenth  digit  one  swing  was 
omitted  and  the  subject  was  to  report  the  sum.  The  next  series 
was  started  on  the  next  beat  whether  the  subject  had  reported 
or  not.  If  he  became  confused  and  unable  to  finish  the  series, 
he  was  to  report  '^ost'^  at  once  and  a  new  series  would  be  started. 
This  prevented  the  possibility  of  resting  through  the  remainder 
of  the  series,  though  it  prevented  an  accurate  score  of  the  number 
of  correct  additions  for  sections  of  the  period,  as  the  number  of 
problems  would  vary  slightly.  There  was  no  doubt  that  the 
task  was  trying  and  each  subject  seemed  to  take  the  attitude 
that  this  was  something  that  he  particularly  would  be  poor  in. 
Consequently  each  appeared  to  work  at  his  maximimi.    There 
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were  no  possible  gaps  for  rest  and  the  work  never  grew  auto- 
matic, save  possibly  for  Bm. 

Discussion  of  results 

An  examination  of  table  2  will  indicate  that  the  rest  and  work 
periods  have  not  had  a  uniform  effect  with  each  of  the  four  sub- 
jects. A  personal  acquaintance  with  these  subjects  explains 
in  part  the  variations  in  their  results,  though  this  explanation 
should  be  accepted  with  due  caution.  It  is  given  here  to  point 
out  certain  characteristics  of  the  sounder  test  as  a  measure  of 
fatigue  and  at  the  same  time  to  show  the  different  influence  of 
incentive  and  distraction  with  different  subjects.  Bk.  has 
uniformly  improved  after  rest  and  decreased  in  eflSciency  a  pro- 
portionate amount  after  work.  She  was  a  senior  with  a  high 
intelligence  score  on  the  army  test,  but  with  a  decidedly  "emo- 
tional temperament.''  Whether  this  was  due  to  training  or 
might  be  considered  of  physical  origin  is  doubtful.  Her  habits 
of  study,  sleep  and  eating  were  decidedly  irregular.  These  series 
of  tests  were  the  most  controlled  periods  of  her  life  at  the  time. 
She  was  a  willing  subject.  The  rest  periods  were  spent  in  com- 
plete relaxation  much  to  her  benefit  and  the  conditions  of  the 
work  periods  were  faithfully  observed.  The  fall  in  eflSciency 
during  the  adding  was  particularly  marked,  while  her  behavior 
and  report  indicated  that  the  rest  periods  had  been  beneficial. 
In  the  case  of  this  subject  the  tests  seem  to  give  a  fair  measure  of 
the  efficiency  under  the  two  conditions. 

The  second  subject,  Bm.,  was  an  entirely  different  type.  He 
was  a  telegraph  operator  working  nights  from  11  p.m.  to  7  a.m. 
and  carrying  regular  work  in  the  university.  He  graduated  cum 
laude.  His  principal  characteristics  were  an  unusual  ability 
to  go  without  sleep  and  an  uneasiness  when  not  at  work.  The 
tests  were  run  every  day  at  8:30  a.m.  during  the  summer  vaca- 
tion. The  rest  periods  were  not  as  completely  occupied  in  re- 
laxation as  would  be  desirable  or  as  was  the  case  with  the  other 
subjects.  He  was  easily  disturbed  by  his  own  failures  or  what 
he  considered  failures,  by  worry  concerning  the  apparatus,  in 
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which  he  took  a  personal  interest  or  by  college  affairs  which  by 
chance  might  be  brought  to  his  attention  just  before  coming  to 
the  laboratory.  If  the  disturbance  was  in  any  way  connected 
with  the  experiment  it  brought  greater  effort  to  succeed.  On 
two  occasions  he  lay  down  upon  the  table  for  a  part  of  the  rest 
period.  When  he  did  this,  he  more  completely  relaxed.  It  will 
be  noted  that  with  these  two  exceptions,  the  second  and  third 
rest  days,  his  record  is  slightly  poorer  in  the  second  tests.  He  was 
the  most  efficient  adder  and  reached  the  limit  of  the  dictator's 
endurance  in  dictating  clearly  for  the  hour  period.  He  fre- 
quently claimed  that  he  could  rest  between  digits.  On  three 
occasions  he  improved  in  the  second  tests  following  work  while 
in  three  he  showed  marked  deterioration. 

The  third  subject  was  less  reliable  so  far  as  performance  was 
concerned.  The  impression  persisted  that  she  might  at  any  time 
violate  the  conditions  of  the  experiment.  On  two  occasions 
results  were  discarded  for  such  reasons.  Her  errors  were  those 
of  a  naive  subject  rather  than  of  willful  fraud.  With  the  most 
careful  control  of  her  work  the  results  presented  were  obtained. 
It  will  be  noted  that,  while  there  are  irregularities  that  render 
the  results  equivocal,  the  tendency  is  in  favor  of  better  perform- 
ance following  the  work  periods.  She  took  especial  interest  in 
the  addition  and  assumed  the  attitude  that  it  would  indicate 
inferiority  to  show  signs  of  fatigue.  This  was  her  chief  interest 
in  the  experiment.  So,  though  she  took  a  pleasant  attitude  of 
willingness  to  cooperate,  the  chief  incentive  was  the  desire  to 
succeed  well  with  the  adding  and  perform  normally  in  the  test 
following.  Her  attitude  regarding  the  other  tests  was  char- 
acterized by  more  indifference. 

SI.  was  the  opposite  of  Bm.  She  was  in  poor  health  and  she 
had  been  trained  to  capitalize  it.  Every  assignment  was  viewed 
as  an  occasion  for  another  breakdown.  She  cooperated  willingly 
in  the  experiment,  however,  though  she  was  easily  disturbed  by 
outside  influences.  The  patter  of  rain  against  the  window  in 
one  test,  not  shown  here,  caused  a  noticeable  drop  in  the  record. 
Other  disturbances  which  the  other  subjects  seemed  to  disr^ard 
were  reported  as  interfering  with  her  performance.    Consid- 
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erable  difficulty  was  also  experienced  in  securing  a  whole  hour 
of  addition.  The  interval  between  digits  was  finally  increased 
to  two  seconds.  It  will  be  seen  that  the  decrease  in  efficiency 
following  the  work  period  was  enormous.  It  is  our  conviction 
that  this  subject,  due  to  poor  training  and  ill  health,  is  incapable 
of  resisting  a  sUght  degree  of  fatigue,  but  that  the  chief  cause  of 
the  deficiency  is  due  to  the  incapacity  of  concentration  under  any 
form  of  distraction.  All  the  class  room  observations  justify  the 
same  conclusion. 

DISCUSSION  OF  THE  SOUNDEB  TEST 

In  considering  the  results  of  the  sounder  test  certain  factors 
should  be  kept  clearly  in  mind.  First,  the  subject  has  a  simple 
task  to  perform.  He  is  to  select  the  proper  sound  signaled  and 
press  the  key  every  time  this  sound  occurs.  It  is  not  necessary 
to  attend  to  the  other  sounds.  In  fact  most  of  the  subjects 
seem  to  neglect  entirely  these  sounds  and  occasionally  at  the 
end  of  the  test  two  of  them  were  omitted  without  causing  any 
disturbance.  In  the  second  place,  the  subject  is  practically 
ignorant  of  his  success  or  failure.  He  knows  that  the  signaled 
soimd  will  occur  about  fifteen  times  in  the  minute  and,  if  he  has 
not  reacted  as  many  times,  that  he  must  have  omitted  some. 
However,  he  usually  makes  some  wrong  reactions  which  makes 
counting  ineffective.  None  of  the  subjects  succeeded  in  improv- 
ing his  interest  by  counting  and  the  method  was  soon  dropped. 
In  no  case  was  the  subject  able  to  judge  adequately  regarding  his 
total  performance. 

Due  to  simpUcity  of  the  test  a  subject  is  able  to  isolate  the 
task  and  make  a  good  record  even  under  unfavorable  conditions 
in  spite  of  the  fact  that  the  test  is  one  of  continuous  discriminar 
tion  sufficiently  difficult  to  demand  serious  concentration.  Fre- 
quent readjustment  of  the  sounders  makes  it  impossible  to  com- 
pare accurately  the  performances  of  the  several  subjects  in  their 
ability  in  the  normal  tests,  though  a  glance  at  tables  1  and  2 
wiU  show  that  there  is  considerable  individual  difference  in 
normal  performance.  This  should  indicate  that  this  test  makes 
some  type  of  demand  upon  the  subject. 
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The  chief  value  of  the  sounder  test  seems  to  be  the  determinsr 
tion  of  the  ability  of  the  subject  to  maintain  his  standard  of  per- 
formance when  affected  by  other  stimuli.  These  may  act  as 
distractors  for  some  and  as  incentives  for  others,  when  associated 
in  some  way  with  the  test  situation.  Though  a  subject  may  be 
placed  on  the  basis  of  his  total  performance  in  several  tests,  in 
either  of  these  two  groups,  he  still  may  show  considerable  variar 
tion  from  day  to  day.  This  may  indicate  a  varying  ability  of 
adjustment  to  the  conditions  or  n  variation  in  the  conditions  of 
the  test. 

Modificaiwn  of  the  sounder  test 

Simplicity  of  the  sounder  test  has  been  demonstrated  to  be 
the  defect  that  renders  it  inapplicable  for  experiments  to  deter- 
mine the  direct  effects  of  various  kinds  of  work  or  other  factors 
that  might  be  expected  to  decrease  the  efficiency.  The  apparatus 
devised  by  Dunlap^  and  his  associates  for  the  p^chological 
test  in  connection  with  the  low  oxygen  experiments  in  the  Air 
Service  Medical  Research  Laboratory  suggested  the  possible 
solution  of  the  difficulties  involved.  It  will  be  recalled  that  in 
this  test  there  were  three  objects  of  attention  with  a  different 
type  of  reaction  for  each.  A  bank  of  fourteen  lamps  must  be 
constantly  observed  and  when  one  flashes,  every  three  to  five 
seconds,  the  subject  is  to  touch  the  corresponding  tai|;et  with 
the  stylus.  At  the  same  time  a  small  motor  produces  a  soimd 
of  definite  pitch.  If  this  pitch  suddenly  rises,  he  is  to  shift  it 
back  to  "low"  by  means  of  a  foot  switch.  The  third  task  is  to 
observe  as  constantly  as  possible  the  indicator  hand  of  a  small 
voltmeter  and  maintain  it  at  a  designated  point  by  manipulat- 
ing a  slide  rheostat  with  the  right  hand,  when  not  reacting  to 
a  lamp.  For  the  purpose  for  which  it  was  designed  this  ar- 
rangement proved  satisfactory.  Numerous  simpler  tests  failed. 
The  principal  defect  for  work  demanding  more  definite  quanti- 
tative measurement  was  the  lack  of  any  satisfactory  means  of 
registering  a  simple  objective  record. 

f  Bagby.  English,  The  Psychological  Effects  of  Oxygen  Deprivation,  Jour. 
Comp.  Psych.,  1921,  i,  97-113. 
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We  required  an  apparatus  that  would  demand  a  broader 
attention  span  than  the  sounder  test  and  at  the  same  time  would 
produce  a  quantitative  record  independent  of  the  experimenter's 
own  judgment.  To  meet  this  requirement  a  combination  of 
sounders,  lamps  and  stylus  was  arranged.  The  four  soimders 
originally  used  were  placed  in  a  box  12  inches  wide,  18  inches 
long  and  6  inches  high.  The  front  of  the  box  slanted  back  about 
30  d^rees.  In  the  center  of  this  front  was  cut  a  window  1  inch 
square  with  beveled  edges,  and  fitted  with  an  opal  glass.  Through 
the  center  of  the  box,  back  of  the  window,  were  arranged  three 
3.8  volt  electric  bulbs,  one  fixed  and  the  others  adjustable  with 
respect  to  distance  from  the  window.  The  base  of  the  box, 
I  inch  thick,  extended  in  front  5  inches  and  was  raised  from  the 
table  i  inch  by  cleats  at  each  end.  On  the  front  projection 
was  fastened  a  brass  plate  7  inches  long,  1^  inches  wide  and  ^ 
inch  thick.  In  the  plate  were  five  holes  i  inch  in  diameter  and 
1^  inches  apart  from  center  to  c^ter.  Larger  holes  were  cut 
through  the  base  beneath  the  holes  in  the  upper  plate  and 
removable  plates  adjusted  under  these  holes.  The  accom- 
panying diagram  indicates  the  connections.  The  removable 
plates,  R.P.,  were  each  connected  with  a  soimder.  Si,  Sa,  or  a 
lamp,  Li,  Lj,  Lj,  in  such  a  way  that  if  the  proper  plate  were 
touched  with  the  stylus,  St,  while  the  current  were  flowing 
through  the  lamp  or  sounder,  a  lamp,  Lc,  to  the  right  of  the  top 
plate  would  flash  and  the  electric  marker,  Af «,  at  the  contact 
apparatus  (p.  2  to  4)  would  record  the  contact.  If  the  top  plate 
were  touched  with  the  stylus  at  any  time,  a  second  marker, 
Mf,  at  the  contact  apparatus  would  record.  As  arranged  any 
combination  of  the  four  sounders  and  the  three  lamps  could  be 
used  and  the  corresponding  holes  in  the  plate  shifted  as  desired. 
In  the  preliminary  tests  two  sounders  and  two  lamps  were  used, 
but  it  was  found  that  two  sounders  and  three  lamps  was  more 
satisfactory  for  the  purposes  of  these  experiments. 

In  order  to  ensure  constant  Ught  at  the  subject's  table,  the* 
apparatus  was  set  up  in  a  dark  room  and  lighted  by  a  ceiling 
lamp  that  gave  a  little  over  four  foot-candles  of  light  at  the  sub- 
ject's table.    A  shade  was  arranged  above  his  head  that  would 
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protect  the  window  from  the  direct  rays.  The  subject  was 
always  allowed  five  minutes  to  become  adapted  to  this  light. 
The  contact  apparatus  was  set  in  the  adjoining  room.  Though 
the  hmn  of  the  motor  could  be  distinctly  heard  in  the  subject's 
room,  this  noise  was  constant  in  all  experiments.  The  experi- 
menter exercised  great  care  that  no  other  noise  connected  with 
the  running  of  the  apparatus  should  occur.    Noises  from  other 

tilil. 
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parts  of  the  laboratory  were  not  noticeable.  At  certain  periods 
of  the  day  the  campus  bell,  a  church  bell  and  train  and  factory 
whistles  were  decidedly  annoying  to  the  experimenter,  though 
in  this  series  of  tests  the  subjects  were  not  so  frequently  dis- 
turbed as  in  the  series  with  the  sounder  test. 

The  new  arrangement  required  five  rows  of  holes  in  the  paper 
of  the  contact  apparatus.  In  order  to  lengthen  the  duration 
of  the  contact  to  allow  the  subject  time  to  react  the  holes  were 
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cut  lengthwise  of  the  paper.  Twenty-four  holes  were  allowed 
to  one  foot  of  paper,  but  this  time  the  holes  were  irregularly 
spaced  in  the  rows  to  avoid  the  possibility  of  rhythm  of  reac- 
tion. Each  row  contained  approximately  the  same  number  of 
holes  in  any  longer  section  of  paper,  though  the  number  in  any 
1  foot  might  vary.  The  rate  of  presentation  varied  with  the 
subject  tested,  though  for  most  of  those  presented  here  the  rate 
was  1  foot  (twenty-four  holes)  in  fifty  seconds.  This  rate  was 
later  increased  to  forty-five  seconds  and  in  the  case  of  one  sub- 
ject, Bm.,  to  forty  seconds. 

In  order  that  the  reactions  should  not  become  automatic  the 
removable  plates  were  shifted  before  each  test.  The  subject 
was  then  given  the  stimuli,  one  at  a  time,  and  allowed  to  locate 
with  the  stylus  the  proper  hole  for  each  to  his  own  satisfaction. 
Care  was  exercised  to  avoid  unusually  difiicult  or  easy  arrange- 
ments of  the  plates.  For  example,  the  plates  corresponding  to 
the  three  lamps  would  not  be  arranged  together  in  serial  order. 

The  instructions  to  the  subject  were  as  follows:  Hold  the 
stylus  much  as  you  would  a  pencil.  (It  is  advisable  to  let  the 
hand  rest  upon  the  board  in  front  of  the  plate  when  not  reacting.) 
When  a  light  flashes  or  you  hear  the  click  of  a  sounder,  react  at 
once  by  touching  the  bottom  of  the  proper  hole.  In  this  move- 
ment the  stylus  should  be  held  in  a  vertical  position  and  the 
hand  must  be  kept  free  of  the  board.  If  you  react  to  the  proper 
hole  in  the  time  allotted,  the  lamp  at  the  right  of  the  plate  will 
flash.  If  you  react  too  late  or  to  the  wrong  hole,  nothing  will 
happen.  Avoid  touching  the  top  plate  with  the  stylus  (fiunble), 
but  do  not  let  this  interfere  with  your  reactions  to  the  stimuli. 
Correct  contacts  are  the  essential  task;  fumbles  are  relatively 
unimportant. 

Originally  a  lamp  was  connected  at  the  left  of  the  top  plate 
which  would  flash  for  the  fumbles,  but  it  proved  to  be  too  slow 
in  flashing  to  register  the  lighter  fumbles  and  also  tended  to  em- 
phasize the  fumbles  more  than  was  desired.  The  subject- 
usually  knows  when  he  fumbles,  because  of  the  spark  at  the  point 
of  contact.  It  will  be  recognized  that  this  arrangement  differs 
from  the  original  sounder  test  in  several  respects  and,  while  it 
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may  not  seem  as  complex  as  the  air  service  apparatus,  this  is 
at  least  partially  overcome  by  increasing  the  difficulty  of  discrimi- 
nation by  proper  timing  of  the  somiders  and  adjustment  of  the 
relative  position  of  the  three  lamps.  The  time  allowed  for  the 
reaction  is  also  an  important  factor.  The  subject  is  required  to 
discriminate  the  stimulus  and  react  at  once.  SUght  hesitation, 
even  to  start  toward  the  wrong  hole  and  then  deviate  to  the  cor- 
rect one,  will  make  the  contact  too  late  to  be  recorded.  The 
subject  must  discriminate  both  auditory  and  visual  stimuli  and 
react  with  a  definite  coordinated  movement  in  a  fraction  over 
one  second. 

It  might  be  objected  that  this  reaction  involved  an  excess 
of  motor  coordination  and  consequently  obscured  the  atten- 
tion effects.  This  objection  might  be  admitted  were  we 
attempting  to  determine  individual  differences  of  attention 
ability,  but  the  purpose  is  to  determine  the  discrinaination 
ability  or  mental  activity  of  the  same  subject  imder  different 
conditions.  The  results  will  show  that  under  these  conditions 
the  two  are  inseparable.  Even  with  the  simple  steadiness  test 
one  can  not  separate  the  function  of  attention  from  the  motor 
control.  No  systematic  recording  of  data  with  the  steadiness 
test  was  attempted  with  this  series,  though  from  time  to  time 
the  test  was  made  with  Do.  and  Sk.  The  results  were  negative 
so  far  as  any  correlation  between  fumbles  and  the  number  of 
contacts  with  the  steadiness  tester  were  concerned.  At  one 
time  Sk.,  after  an  excessive  number  of  fumbles,  reported  that  he 
believed  his  attention  was  good  but  that  motor  control  was  poor. 
The  steadiness  test  showed  the  same  number  of  contacts  as  on 
the  previous  tests  when  the  number  of  fumbles  had  been  normal. 
The  complicated  task  of  distinguishing  the  stimulus,  selecting 
the  proper  reaction  and  carrying  out  the  correct  coordinated 
movements  was  a  situation  preeminently  demanding  attention. 

A  further  difference  between  this  test  and  the  sounder  test 
was  the  addition  of  the  lamp  to  flash  correct  contacts.  While 
in  the  soimder  test  complete  ignorance  of  success  or  failure  was 
practically  maintained,  the  aim  in  the  new  arrangement  was  to 
supply  in  the  test  all  the  incentive  that  knowledge  of  performance 
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would  supply.  Though  a  subject  did  not  know  his  exact  score, 
he  knew  when  he  missed  a  contact  and  this  would  stimulate 
greater  effort,  if  he  was  at  all  interested  in  the  task.  By  increas- 
ing the  complexity  of  the  task  and  increasing  the  incentive  to 
the  maxunum  the  test  will  more  nearly  measure  the  capacity  of 
the  subject  under  any  particular  conditions.  Recognition  of 
interfering  conditions,  such  as  fatigue  or  distractions  as  in  the 
previous  experiments,  would  not  be  so  capable  of  increasing  the 
activity  of  the  subject.  The  correctness  of  this  assumption,  we 
believe,  is  demonstrated  by  the  results  (tables  3-6). 

The  subjects  for  these  experiments  were  R.  M.  Beechley  (Be.) 
and  0.  0.  Bum  Gamer  (Bm.),  both  graduate  students  in  the 
department,  Margarite  Blackford,  (BL),  undergraduate  major 
in  psychology.  Professor  E.  B.  Skaggs  (Sk.)  and  the  writer  (Do.). 
All  understood  the  general  purpose  of  the  experiments,  but  the 
subject  was  never  discussed  with  any  of  the  students,  nor  com- 
parisons made  regarding  their  accompUshments  in  the  tests,  ex- 
cept that  Bm.  and  Bl.  discovered  near  the  end  of  the  series  that 
they  were  nearly  equal  in  ability.  This  seemed  to  have  a  slightly 
stimulating  effect  for  both  subjects. 

Discussion  of  results 

Tables  3  and  4  contain  the  following  data:  Under  ^'correct 
contacts"  are  recorded  the  number  of  successful  reactions  made 
in  the  fifteen-minute  period.  The  total  possible  score  when  the 
paper  travels  1  foot  in  fifty  seconds  would  be  432  contacts,  when 
travehng  1  foot  in  forty  seconds,  528  contacts.  Under  ^fumbles" 
are  recorded  the  number  of  contacts  with  the  top  plate.  This 
number  is  theoretically  unlimited.  The  subject  may  fumble 
five  or  six  times  in  attempting  one  correct  contact  or  he  may  hold 
the  stylus  against  the  top  plate  a  shorter  or  longer  time.  These 
differences  will  be  shown  by  the  marker  on  the  record.  Each 
fumble,  no  matter  how  short,  was  counted  as  one.  Longer 
f imibles  were  standardized  as  one,  two  or  three  fumbles  accord- 
ing to  their  length.  This  left  room  for  variations  of  judgment, 
but  the  standard  was  fairly  easily  maintained  and  the  writer 
did  all  the  counting  except  in  his  own  record.    Under  "reduced 
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score"  we  have  placed  a  rather  arbitrary  value  of  the  total  per- 
formance. With  two  scores,  correct  contacts  and  fumbles,  it 
is  rather  difficult  to  judge  just  how  much  difference  or  similarity 
in  total  performance  there  is  in  a  series  of  tests.  In  the  instruc- 
tions the  emphasis  was  placed  on  correct  contacts,  yet  it  would 
be  inadvisable  to  eliminate  the  fumbles  entirely  as  they  are  a 
product  of  the  total  situation.  If  the  total  number  of  possible 
fumbles  bore  a  definite  relation  to  the  nimiber  of  correct  con- 
tacts possible,  the  problem  would  be  simplified.  One  subject 
may  run  a  high  percentage  of  fimibles  while  another  runs  a 
relatively  low  number.  If  the  number  of  fumbles  is  small,  it 
might  be  justifiable  to  deduct  this  number  from  the  number  of 
correct  contacts,  but  if  it  is  excessive,  this  might  throw  too  great 
weight  on  fumbles.  The  method  finally  adopted  to  approximate 
the  proper  evaluation  of  fumbles  was  to  determine  the  ratio  of 
total  fumbles  in  all  tests  to  total  correct  contacts.  This  frac- 
tion subtracted  from  one  was  taken  as  the  value  of  each  fumble  to 
be  deducted  from  the  correct  contacts.  In  the  last  colunm  is 
given  the  ratio  between  the  two  tests,  as  in  table  2.  This  is 
based  on  the  reduced  score  of  each  test.  It  should  be  remem- 
bered that  these  results  represent  positive  values.  Hence  a 
ratio  above  100  represents  superiority  of  the  second  test,  ! 

Table  3  represents  the  results  before  and  after  one  hour  of 
mental  work.  The  rest  periods  were  xmder  the  same  controls 
as  those  in  the  sounder  tests.  This  was  also  true  of  the  work 
periods  that  involved  addition  from  dictation.    The  multiplica-  i 

tion  consisted  in  multiplying  three  place  numbers  by  three  place 
numbers  by  the  cross  multiplication  method.  The  directions 
were  to  multiply  as  rapidly  and  accurately  as  possible.  This 
methoii  was  new  to  the  subjects  and  required  considerable  alert- 
ness to  follow  the  method  and  retain  the  partial  product.  In 
two  cases  private  oral  examinations  were  conducted  as  the  | 

mental  work.    There  seemed  to  be  no  unusual  emotional  effect  in  I 

either  case,  as  both  were  accustomed  to  this  sort  of  work  and 
the  material  covered  was  that  of  the  advanced  class  in  which 
they  were  registered.    In  one  case  translation  of  a  scientific  article  I 

from  French  into  English  occupied  the  hour. 
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It  will  be  seen  that  the  averages  for  each  subject  show  the 
same  tendency.  Following  rest  each  made  more  or  less  improve- 
ment and  following  work  each  manifested  a  falling  off  from  the 
normal  records.  Furthermore,  these  changes  are  constant  from 
day  to  day  for  each  subject,  except  for  Bm.  who  manifested  a 
falling  off  twice  after  rest  and  a  slight  improvement  once  after 
multiplication.  These  exceptions  are  closely  related  to  the  ex- 
ceptional behavior  of  this  subject  in  all  tests.  The  improve- 
ment following  rest  may  be  due  to  practice  effect  of  the  first  test 
or  to  rest  alone  or  to  the  combination  of  the  two.  Unless  we 
assimie  a  retroactive  inhibition  resulting  from  the  mental  work, 
we  may  assume  that  the  practice  effect  will  be  equal  in  both  the 
rest  and  work  series  and  that  the  differences  in  scores  are  due  to 
the  differences  in  fatigue  conditions.  The  algebraic  sum  of  these 
differences  would  represent  the  difference  in  capacity  at  the 
time  of  the  two  tests.  The  difference  in  normal  scores  from  day 
to  day  may  be  partly  explained  by  readjustments  of  the  apparatus 
that  were  sometimes  necessary,  but  the  more  important  cause 
was  the  variability  in  capacity  of  the  subject.  As  no  attempt 
was  made  to  preserve  exactly  the  same  adjustment  of  the  appara- 
tus throughout  the  series,  it  is  not  possible  to  gauge  exactly  the 
daily  variations  of  the  subjects.  The  variations  in  adjustment  of 
the  apparatus,  however,  were  not  sufficient  to  influence  in  any 
way  the  relative  scores  on  the  work  and  rest  days  and  no  change 
was  made  between  the  first  and  second  tests  of  a  single  day's 
series. 

Be.'s  improvement  after  rest  is  due  about  equally  to  increased 
correct  contacts  and  decreased  fumbles.  After  work  in  all 
three  tests  correct  contacts  have  been  reduced  and  fumbles 
increased.  Bl.  has  shown  approximately  the  same  tendency. 
After  mental  work  fumbles  were  definitely  increased  in  three  of 
the  five  tests.  Bm.  is  more  irregular,  but  in  general  the  tendency 
is  the  same.  Possibly  he  shows  a  slightly  greater  tendency  to 
increase  fumbles  after  mental  work  than  to  reduce  the  number  of 
correct  contacts. 

Table  4  presents  the  results  of  similar  tests  with  rest  and  phys- 
ical work  interpolated.    The  work  performed  by  Be.  and  Bm. 
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was  to  lift  for  twenty  minutes  on  the  '^ harness  ergograph'' 
described  in  the  earlier  report.^  The  subject  stands  astride  a 
heavy  spiral  spring  which  is  attached  to  the  floor.  Attached 
to  the  upper  end  of  the  spring  is  a  leather  harness  which  passes 
over  the  shoulders  of  the  subject.  The  shoulder  straps  are 
padded  with  thick  felt.  The  tugs  are  shortened  suflBiciently 
that  when  the  subject  is  not  lifting  against  the  spring  he  is 
standing  in  an  awkward  squatting  position.  Standing  erect  he 
hfts  his  maximum.  If  he  lifts  as  hard  as  he  can  every  two  seconds 
to  the  beat  of  a  metronome,  there  is  very  little  opportunity  for 
him  either  to  rest  or  "lie  down  on  the  job."  This  has  proved 
a  most  satisfactory  fatigue  producing  instrument.  It  exercises 
a  large  group  of  muscles  and,  either  standing  or  squatting,  the 
subject  is  in  a  fatiguing  position.  The  hands  and  arms  are  free 
which  leaves  them  relatively  unaffected  directly  for  any  manipu- 
lation in  a  test  that  may  follow. 

Both  subjects  show  the  same  tendency  following  rest  and  work 
with  a  slight  exception  by  Bm.  The  decrease  in  efficiency  fol- 
lowing work  is  more  marked  with  Be.,  but  both  show  the  influ- 
ences of  the  rest  and  work  periods  more  distinctly  than  was  shown 
by  the  subjects  under  similar  conditions  with  the  sounder  test 
in  the  previous  investigation.*  The  results  are  quite  decisive 
here. 

It  may  be  objected  that  the  physical  work  has  caused  the 
deterioration  by  affecting  directly  the  motor  coordination.  At 
first  sight  this  seems  true  in  the  case  of  Bm.'s  residts,  though  it 
is  not  particularly  manifested  by  Be.,  but  it  should  be  remembered 
that  this  tendency  to  increase  fumbles  was  generally  manifested 
by  all  subjects  following  mental  work,  particularly  by  Bm. 

Three  other  subjects  were  used  in  the  physical  fatigue  tests, 
but  walking  at  practically  their  highest  speed  for  two  hours  was 
substituted  for  the  harness  ergograph.  In  the  case  of  BL  the 
tests  were  given  before  and  after  the  rest  and  work  periods,  as 
in  the  previous  experiments  (table  4)  Sk.  and  Do.  were  tested 

•  Op.  cit.,  p.  2(»-210. 

•  Op.  cit.,  p.  229-234. 
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at  five  o'clock  under  conditions  clearly  defined,  as  it  was  not 
possible  always  to  give  the  test  immediately  before  the  period. 

The  results  of  Bl.  in  this  particular  instance  are  imimportant, 
but  are  given  in  order  that  the  report  may  be  complete.  These 
tests  were  given  near  the  end  of  the  semester  during  a  very  humid 
warm  week.  Bl.  had  been  under  more  or  less  of  a  strain  for 
several  weeks  and  could  not  be  considered  in  normal  condition. 
Rest  and  outdoor  exercise  were  what  she  most  needed.  While  the 
walks  were  to  be  "forced  walks,"  she  seemed  to  fail  to  carry  out 
this  part  of  the  requirement,  as  she  walked  only  about  half  the 
distance  in  the  same  time  as  did  the  other  two  subjects.  Allow- 
ance must  be  made  for  the  fact  that  they  were  men,  but,  making 
all  due  allowances,  she  still  gave  evidence  of  not  walking  at  a 
"forced"  rate.  Considering  also  that  she  undoubtedly  needed 
outdoor  exercise  and  relief  from  her  usual  work,  it  may  be  pre- 
sumed that  the  walks  were  beneficial.  At  any  rate  the  results 
are  equivocal.  In  two  tests  following  rest  she  fails  at  least  to 
increase  her  record.  Also,  her  greatest  improvement  was  after 
a  two  hours'  walk.  As  her  results  with  mental  work,  secured 
earlier  in  the  year,  conform  so  definitely  to  the  usual  tendency 
of  the  other  subjects,  it  may  be  assumed  that  the  walks  were  not 
so  fatiguing  for  her  as  for  the  other  subjects  or  that  the  beneficial 
effects  compensated  for  the  fatigue  effects,  rather  than  that  her 
results  indicate  imreliability  of  the  test.  We  should  expect 
some  subjects  to  overcompensate  in  this  test,  as  in  the  sounder 
test,  but  thus  far,  we  believe  Bm.  is  the  only  one  of  our  sub- 
jects who  has  been  able  to  do  so. 

The  results  of  Sk.  (table  6)  were  secured  under  three  conditions. 
The  test  was  given  at  five  o'clock  following  a  day  of  light  work, 
usually  Sunday,  a  day  of  relatively  exacting  work  in  the  labora- 
tory ending  with  two  successive  hours  of  oral  quiz  sections,  and 
a  day  of  moderate  work  ending  with  two  hours  of  forced  walk. 
The  dates  of  these  tests  are  given  in  order  to  indicate  the  tests 
that  should  be  compared.  Normal  daily  variations  will,  pre- 
sumably, partially  obscure  the  effects  of  the  different  types  of 
days.  Nevertheless,  it  will  be  seen  that  the  results  indicate 
fairly  definite  tendencies.    The  ratios  of  the  tests  following  walks 
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and  quizzes  are  based  upon  the  tests  on  ''light"  days  that  are 
of  nearest  date.    In  the  case  of  the  test  on  December  15  the 


TABLE  5 

DATS 

ZJGBT  DAT 

WALK  2  HOUBB 

QUU  2  HOUBB 

BUBjaCT 

1 

1 

1 

1 

1 

1 

i 

1 

1 

1 

1 

1 

1 

.9 
1 

300 

1 

1 

1 

11/16/21 

135 

259 

88 

11/25/21 

299 

164 

250 

85 

11/27/21 

336 

137 

295 

100 

12/  1/21 

352 

141 

310 

87 

12/  2/21 

394 

135 

354 

100 

12/  2/21 

313 

191 

256 

83 

12/  4/21 

358 

165 

308 

100 

12/  8/21 

268 

237 

197 

74 

12/  9/21 

327 

203 

266 

100 

Sk. 

12/10/21 

303 

312 

209 

59 

12/11/21 

382 

94 

354 

100 

12/14/21 

389 

161 

341 

99 

12/16/21 

331 

248 

256 

74 

12/17/21 

402 

181 

348 

101 

4/  7/22 

330 

390 

213 

66 

4/8/22 

366 

490 

219 

68 

4/  9/22 

426 

340 

324 

100 

4/14/22 

354 

426 

226 

70 

4/15/22 

310 

523 

153 

47 

4/22/22 

347 

372 

235 

70 

4/23/ 

Average 

ratio  is  based  on  the  average  of  tests  on  December  14  and  17. 
As  this  subject  maintained  a  definite  daily  schedule,  his  results 
may  be  compared  with  considerable  degree  of  accuracy.    It  will 
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be  observed  that  on  the  work  days,  whether  we  consider  the  tests 
following  forced  walks  or  quizzes,  he  showed  a  marked  deteriora- 
tion in  performance.  This  is  slightly  greater  following  the 
walks.  The  least  decrease  is  15  per  cent  while  the  greatest  de- 
crease is  53  per  cent  after  walking.  The  least  decrease  after 
quiz  is  22  per  cent  and  the  greatest  is  34  per  cent.  The  number 
of  fumbles  has  increased  in  every  test  after  walking  and  in  every 


TABLE « 

SUB- 

DATS 

It 

a 

■ 

CONDmOMB  AT  TDCX  OV  T»T:  6  PM. 

S 

182 

82 

3/26/22 

296 

228 

After  2  hours  forced  walk 

3/28/22 

341 

237 

223 

100 

After  easy  day 

3/30/22 

348 

160 

268 

120 

Rather  tired;  after  reading  quis  papers 

4/4/22 

338 

306 

186 

63 

After  2  hours  forced  walk 

4/  6/22 

366 

164 

273 

78 

Fatigued;  laboratory  work  all  day 

4/11/22 

413 

123 

362 

100 

After  very  light  day 

4/12/22 

328 

196 

230 

66 

After  2  hours  forced  walk 

Do. 

4/13/22 

368 

194 

261 

74 

Mildly  fatigued 

4/17/22 

419 

127 

366 

102 

Heavy  day,  but  not  particularly  fatigued 

4/18/22 

349 

176 

261 

76 

After  2  hours  forced  walk 

4/26/22 

418 

140 

348 

100 

Very  light  day;  good  condition 

4/27/22 

416 

147 

342 

98 

Moderately  easy  day;  no  fatigue 

6/  1/22 

360 

116 

293 

84 

After  3  lectures 

6/12/22 

376 

189 

282 

84 

After  2  hours  forced  walk;  hot  day 

6/16/22 

413 

166 

336 

100 

After  easy  day;  no  work  in  afternoon 

test  after  quiz  except  in  the  one  on  November  16.  On  the  other 
hand  the  number  of  correct  contacts  has  been  reduced  in  every 
test  following  either  type  of  work  day. 

The  conditions  imder  which  the  tests  were  given  to  Do.  (table 
6)  were  not  so  definite  in  all  cases  as  for  Sk.  We  have,  therefore, 
arranged  the  results  in  slightly  different  form  and  stated  as  clearly 
as  possible  the  conditions  imder  which  the  tests  were  given. 
The  ratios  are  based  on  the  tests  following  days  in  which  little 
or  no  work  was  done.    The  separations  in  the  table  will  indicate 

OOMPAB^VITa  MTOBOLOOT,  TOL.  n,  NO.  6 
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the  groups  for  comparison.  The  performance  following  the 
walks  is  in  every  case  inferior  to  that  on  the  light  days.  Labora- 
tory work  and  lectures  show  approximately  an  equal  decrease. 
On  three  days  the  results  of  the  tests  and  the  reports  of  the  sub- 
ject do  not  agree  in  showing  the  same  tendency.  On  March  30, 
after  a  relatively  easy  day,  two  hours  were  spent  in  reading  quiz 
books.  "Mildly  fatigued"  may  here  imply  that  the  subject 
was  merely  bored.  On  April  13,  after  a  moderate  day,  he  re- 
ports that  he  is  only  mildly  fatigued,  but  the  results  would 
indicate  that  he  was  as  fatigued  as  on  the  days  of  heavy  work. 
However,  on  the  days  when  the  work  was  definitely  easy  or  diflS- 
cult,  the  results  were  imequivocal.  Doubtless  the  daily  varia- 
tions in  eflSciency  of  this  subject  were  great  enough  to  obscure 
the  milder  fluctuations  in  the  day's  work. 

The  number  of  fmnbles  after  walking  were  increased  in  four 
of  the  five  tests,  while  after  work  in  the  laboratory  and  lectures 
fumbles  have  been  increased  slightly  in  three  tests  and  reduced 
in  one.  Correct  contacts  have  been  reduced  in  every  test  fol- 
lowing either  type  of  definitely  defined  work. 

Diurnal  variations 

In  table  7  are  given  data  not  so  much  to  demonstrate  the 
validity  of  the  test  as  to  apply  the  test  to  the  investigation  of 
diurnal  variations.  The  results  are  meager,  save  for  one  subject, 
but  it  seemed  worth  while  to  present  them  here.  The  tests  were 
given  as  nearly  as  possible  at  the  times  indicated.  The  daily 
schedule  of  Sk.  was  quite  uniform,  that  of  Do.  varied  consider- 
ably, while  that  of  Bm.  can  not  be  compared  with  the  others  in 
any  way.  It  will  be  remembered  that  he  was  employed  as  tele- 
graph operator  from  11p.m.  to  7  a.m.  He  reported  at  the  labora- 
tory regularly  at  8:30  a.m.  The  second  and  third  tests  were 
at  the  times  indicated.  The  fourth  test  was  at  3:30  or  4:00 
p.m.,  iomiediately  before  he  went  to  his  room  to  sleep.  What  is 
really  the  b^inning  of  the  work  day  for  the  others  is  the  end 
for  him.  The  ratios  are  based  in  every  case  on  the  results  of 
the  first  morning  test.  The  separations  indicate  the  groups  to 
be  compared. 


Digitized  by 


Google 


ATTENTION,   DISTRACTION  AND   FATIGUE  366 

It  will  be  seen  that  Sk.  quite  uniformly  shows  his  greatest 
efficiency  at  the  eleven  o'clock  hour  and  his  poorest  at  one  o'clock. 
This  was  contrary  to  his  own  estimate.  His  common  remark 
at  the  morning  test  was,  "a  good  night's  rest  and  feeling  fit  for  a 
day's  work."  He  believed  this  was  the  best  time  of  the  day  for 
him  to  accomplish  work.  It  would  appear  that  he  gradually 
warms  up  to  his  work  during  the  forenoon.  The  same  course 
is  repeated  in  the  afternoon,  but  starts  lower  and  never  rises  to 
the  eleven  o'clock  standard.  There  is  a  little  drop  a^ain  at  nine 
o'clock.  Whether  the  falling  off  in  efficiency  at  one  and  nine 
o'clock  is  due  to  the  interference  of  digestive  functions,  further 
investigation  is  needed  to  determine.  Sk.  believed  that  the 
one  o'clock  test  suffered  from  inhibitions  set  up  by  the  test 
immediately  preceding,  as  these  tests  occurred  closer  together 
than  the  others.  It  will  be  recalled  that  the  holes  corresponding 
to  the  stimuli  were  shifted  at  the  beginning  of  each  test.  His 
assumption,  however,  is  not  borne  out  by  the  results.  On  three 
days  the  one  o'clock  test  was  given  when  the  eleven  o'clock  test 
had  been  omitted.  The  results  of  two  of  these  tests  conform  to 
the  usual  tendency.  The  third,  February  9,  is  somewhat  irregu- 
lar all  day.  It  is  probable  that  inhibitions  had  little  to  do  with 
the  big  slump  at  the  one  o'clock  test. 

The  data  for  Do.  is  not  so  complete,  but  the  general  tendency 
is  somewhat  similar.  On  the  whole  his  best  performance  may  be 
considered  to  be  at  eleven  o'clock.  The  data  at  one  o'clock  are 
insufficient  for  definite  determination,  but  we  may  consider  that 
there  is  a  gradual  falling  off  until  4:30  p.m.  Two  of  the  nine 
o'clock  tests  give  relatfvely  high  scores,  while  the  third  reverses 
the  tendency.  These  results  in  general  a^ee  with  the  subject's 
work.  The  forenoon  is  considered  his  best  work  period  with  a 
decided  slump  in  the  afternoon.  If  the  work  of  the  day  has  been 
light,  the  evening  is  a  better  work  period  than  the  afternoon, 
according  to  his  own  estimate. 

The  data  of  Bm.  are  too  inadequate  to  show  any  tendency, 
except  possibly  the  tendency  already  referred  to,  namely,  that 
he  in  all  tests  showed  an  exceptional  capacity  for  resisting  fatigue 
or  distraction.    This  is  strikingly  shown  in  his  results  of  March 


Digitized  by 


Google 


<*»«H 


MOMpoonfM^i 


•oiqom^ 


■^0«|IIO0  ^OOlUOQ 


8     S        3S 


U  § 


S8 


0!»«H 


iSSS       fSS       S^    iS       sss    sss 


cS  S  S        cS  s 


s  s  s 


CO  eo 


•joospeonpo^ 


wt^xaa^ 


^  Co  CO  W)  ^  CO       TO  CO  CO  ^       TO  ra  C9 


e^ov^noo  ^oauoQ 


oj»«H 


3        8 


2SS     SSS 


"S" 


"fIFIW 


odOMpeonpaH 


R 


"W 


Wi~lll" 


wiqaxnd 


S; 


i I i i is 


■lOV^nOO  90M10Q 


!o  S  CO       TO  eS  CO 


<wi«H 


sss    ss    s 


SS     :::& 


C^  CO  CO  CO 


Si  S3 


p«onp»g 


wnanm 


3 


SI 

C4  < 


Si SStS 


e^ov^aoo  foouoo 


I 


!  to       to  I 


of»«H 


sss     s 


8        8     8SS     SSS 


S 


•lootpwnpos 


gi 


s 


I 


g|l 


"N'nna 


3^3 


§        ^ 


Ml    i     r 


CO  CO  CO  ra  CO 


epv^aoo  fOAuoo 


u 


c5''*o5'o'      ^J't^  oS"      ^      t^  w*      o5'»'^      cq  »  « 
c«"M'e^e5*      ci'M'M'      ^      ij"^      e5'e5'c5'      coSdco" 


^ 


366 


i 


Digitized  by 


Google 


3S 


-WW 


3 


"So" 


SS8 


&S     23     S     S     S 


S& 


C4  < 


g 


s 


T 


88     88  S     S     S     ^ 

^H   ^4  fM    •^  *H  ^H  »-» 


S    C?    00   « 
^    S   5    S 


0»  Ud 

9         9 


&2S 


n: 


^f^  ^^  ^^  ^1 


9S 


SS3     Sg 


lTI~f 


ss 


C4  *H  C4  rH 


^ar 


"T 


il^   ai 


s^ 


9S     ^     S 


T 


If 


s 


09  C4 


a^ 


aa    s    fe 


Y: 


T 


^   § 


88S     S        S        8        S8 


8 


888     8 


8 


^%^     I 


Si 


S  S  n!       So 


f-i  ^  i 
O  cb 


■^ 


T 


II   I 


»»!^S^S^ 


Ol  C«  Ol  CO  CO 


o 
Q 


< 


i 


I 

I 


Digitized  by 


Google 


368  p.   C.   DOCKERAY 

13.  He  had  not  worked  Saturday  night,  but  had  gone  out  of 
town  to  visit  relatives,  returning  in  time  to  take  up  his  work 
Sunday  night  without  sleep.  After  a  busy  night  and  a  normal 
day  of  class  work,  he  came  to  the  laboratory  at  3:30  for  the 
test.  He  had  been  thirty-six  hours  without  any  sleep  and  eighty- 
six  hours  with  a  total  of  ten  hours  sleep  variously  distributed  in 
the  previous  fifty  hours.  His  score  on  this  test  was  as  good  as 
at  any  time  on  the  preceding  or  following  day.  Judging  by  the 
total  results  his  performance  is  only  slightly  poorer  later  in  the 
day  than  it  is  at  8:30  a.m. 

CONCLUSIONS 

Only  a  few  tests  have  been  given  to  any  one  subject  under 
a  given  condition,  but  the  results  are  so  uniform  for  all  subjects 
that  it  is  believed  the  following  conclusions  are  justified: 

1.  The  sounder  test  is  a  severe  test  of  ability  to  attend  to  a 
single  stimulus  or  discriminate  slight  differences  in  a  group  of 
nearly  equal  stimuli,  but  due  to  the  narrow  span  of  attention 
required,  a  subject  may  effectively  master  the  situation  under 
unfavorable  conditions.  It  may  be  compared  to  the  remarkable 
feats  of  sensory  discrimination  frequently  reported  in  the  lower 
animals. 

2.  The  sounder  test  is  fairly  well  adapted  to  determining 
individual  differences  in  ability  to  overcome  distraction.  It 
may  be  also  adapted  to  detemine  individual  differences  in 
attention  to  an  auditory  stimulus. 

3.  The  modified  test  makes  more  general  demands  upon  the 
subject  and  at  the  same  time  yields  relatively  simple  quantitar 
tive  results.  It  differs  from  McDougall's  dot  marking  test^® 
in  that  it  places  greater  emphasis  upon  discrimination.  At 
least  the  process  is  more  complex.  The  motor  coordination 
involved  is  much  the  same.  McComas'  test"  required  recogni- 
tion of  colors  and  speed  in  reaction  by  pressing  the  proper  key, 

10  McDougall,  W.,  A  new  method  for  the  study  of  concurrent  mental  processes 
and  of  mental  fatigue,  Brit.  Jour,  of  Psych.,  1905,  i,  434-445. 

"  McComas,  H.  C,  An  apparatus  for  recording  continuous  discrimination 
reactions,  Jour.  Exp.  Psych.,  1917,  ii,  171-177. 
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but  does  not  seem  to  require  the  same  degree  of  discrimination 
or  complexity  of  codrdination.  Our  experience  would  suggest 
that  the  advantage  gained  in  greater  complexity  of  the  processes 
involved  would  more  than  compensate  for  the  slight  increase 
in  complexity  of  the  nmnerical  results. 

4.  There  was  no  noticeable  fatigue  of  the  sense  organs  involved. 
The  window  was  near  enough  to  the  plate  that  both  could  be 
held  in  the  field  of  vision  and  neither  demanded  constant  fixa- 
tion, as  one  would  expect  with  Miles'  pursuitmeter." 

5.  The  results  with  our  attention-coordination  test  have  pos- 
sessed a  high  degree  of  uniformity  where  the  conditions  could  be 
clearly  defined.  With  rest  there  was  improvement  in  the  score, 
both  in  correct  contacts  and  in  fimibles;  following  work,  whether 
mental  or  physical,  the  tendency  has  been  consistent  with  all 
subjects  when  the  averages  o|  their  results  are  considered  and, 
with  the  exception  of  one  subject,  the  individual  results  of  each 
subject  conform  to  the  average. 

6.  In  the  sounder  test  the  subjects  were  continually  disturbed 
by  outside  distractions,  noises  in  neighboring  rooms,  etc.  In  the 
later  test  such  disturbances  were  seldom  reported.  The  ringing 
of  the  class  bell  on  the  campus  or  the  whistle  of  a  near-by  train 
was  very  seldom  reported  by  the  subject.  The  experimenter 
recorded  aU  possible  disturbances,  but  rarely  did  the  subject's 
record  show  any  change  at  these  points.  Usually,  wheii  ques- 
tioned after  the  test,  he  could  not  recall  having  heard  them.  On 
one  occasion  the  train  whistle,  factory  whistles  and  church  bell 
all  sounded  in  one  test,  but  the  subject  merely  reported  that  he 
thought  a  train  whistled  once.  Attention  seems  to  be  completely 
involved  in  the  test. 

7.  A  comparison  of  the  results  with  these  two  tests  suggests 
a  possible  explanation  of  the  results  obtained  by  Miss  Smith" 
with  McDougaU's  dotting  test.  It  may  be  that  this  test  re- 
sembles more  the  sounder  test  in  simplicity  and  that  consequently 
she  was  able  to  overcompensate  for  the  effects  of  vigil.    With 

"Miles,  W.  R.,  The  pursuitmeter,  Jour.  Exp.  Psych.,  1921,  iv  (?),  77-105. 
1'  Smith,  May,  A  contribution  to  the  study  of  fatigue,  Brit.  Jour.  Psych.,  1916, 
iii,  327-350. 
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rest  the  greater  inertia  involved  made  this  less  easy.  She  may 
also  possess  the  capacity  of  Bm.  in  resisting  fatigue  or  loss  of 
sleep.  We  would  expect  with  a  test  demanding  the  broader 
span  of  activity  the  results  would  with  most  subjects  fail  to  con- 
form to  her  curves  of  efficiency. 

8.  If  the  above  conclusions  concerning  the  attention-coor- 
dination test  are  correct,  it  should  prove  a  satisfactory  test  for 
the  investigation  of  the  effects  of  fatigue,  low  oxygen,  ventilation, 
tobacco  and  drugs.  Whether  it  can  be  used  for  the  study  of 
industrial  fatigue  is  more  questionable.  Further  work  is  now 
under  way  to  adapt  the  test  to  the  study  of  individual  differences. 
If  this  is  successful,  the  test  could  be  used  for  the  examination  of 
candidates  for  the  air  service  and  other  professions  demanding 
similar  capacities. 
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THE  EFFECTS  OF  CIGAR  AND  CIGARETTE  SMOKING 

ON  CERTAIN  PSYCHOLOGICAL  AND 

PHYSIOLOGICAL  FUNCTIONS^ 

ROBERT  LEE  BATES 
From  the  Psychological  Laboratory  of  ihe  Johns  Hopkins  University 

I.  DART  THROWING 

1.  Apparatus  and  methods 

In  preliminary  work  on  the  effects  of  tobacco  smoking  on 
accuracy  in  dart  throwing,*  Carver  found  indications  that  smok- 
ing caused  a  decrease  in  accuracy  of  throwing,  within  a  short 
period  after  the  smoking.  On  account  of  the  relative  smaUness 
of  the  indicated  effect,  and  the  negative  results  of  tests  on  certain 
other  fxmctions  xmder  smoking  conditions,  it  was  important  that 
this  evidence  should  be  fully  checked  by  further  work. 

The  work  here  reported  was  accordingly  undertaken  in  the  Fall 
Semester  of  1920  imder  Professor  Dunlap's  direction.  The 
apparatus  (targets  and  darts)  used  by  Carver  was  employed. 
The  "Apex"  darts  (see  fig.  9)  were  the  same  as  those  used  by 
Buford  Johnson  in  her  original  dart-throwing  experiment,'  but 
the  target  was  Dimlap's  modification  of  Johnson's  target. 

The  target  foundation  consisted  of  seasoned  wood  upon  which 
was  glued  sheet  cork  of  1  inch  in  thickness  and  3  feet  square. 
The  cork  made  an  excellent  medium  for  the  penetration  of  the 
points,  as  the  darts  could  be  easily  removed,  and  owing  to  its 
pliability,  the  deterioration  of  the  backing  was  reduced  to  a 
minimiiTTi, 

^  The  expenses  of  this  research  were  in  part  defrayed  by  the  committee  to 
study  the  tobacco  problem,  but  the  responsibility  for  the  planning  and  execution 
of  the  work,  and  for  the  conclusions,  rests  solely  with  the  author  and  Professor 
Dunlap. 

*  Carver,  D.  J.:  The  immediate  psychological  effects  of  tobacco  smoking. 
Journal  of  Comparative  Psychology,  1022,  ii,  279-302. 

*  Johnson,  B.:  Practice  effects  in  a  target  test:  A  comparative  study  of 
groups  varying  in  intelligence.    Psychological  Review,  1919,  xxvi,   302-303. 
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A  master  target  (see  fig.  8)  was  made  on  tracing  cloth  and  from 
this  a  number  of  blue-print  targets  were  reproduced.  When  the 
targets  began  to  show  depreciation  from  continued  pricking, 
they  were  easily  replaced  by  gluing  a  new  target  over  the  old  one. 
The  target  consisted  of  a  blue  field  with  white  rings  and  white 
cross  lines.  There  was  a  central  white  disc  of  IJ  inches  in 
diameter.  The  succeeding  discs  had  radii  of  3,  6,  9,  12,  and  15 
inches*  respectively  with  i-inch  rings  of  demarcation.  The 
target  bore  both  a  vertical  and  a  horizontal  cross  line,  white, 
|-inch  in  width,  each  extending  from  edge  to  edge  of  the  target 
sheet,  and  intersecting  at  the  center  of  the  bull's  eye.  These 
divided  the  target  into  four  quadrants,  enabling  the  examiner 
to  estimate  whether  the  reactor  was  undershooting  or  over- 
shooting the  mark,  as  well  as  to  ascertain  to  what  extent  he  was 
banking  his  hits  to  the  right  or  to  the  left  of  the  vertical  dividing 
line.  These  lines  at  the  same  time  destroyed  the  illusion  of  a 
tunnel  which  resulted  from  unbroken  concentric  rings  and  which 
was  a  soiu*ce  of  annoyance  to  the  reactor. 

The  target  was  supported  vertically,  with  the  center  of  the 
bull's  eye  61  inches  from  the  floor,  and  with  its  vertical  plane  15 
feet  from  the  reactor's  "toe  line."  Illumination  was  secured 
from  a  60  candle  power  nitrogen  filled  mazda  lamp  placed  ob- 
liquely at  a  suitable  distance  from  the  target,  with  a  metal  reflec- 
tor which  shielded  the  reactor's  eyes  from  the  direct  light. 

The  daily  and  hourly  schedules  of  reactors  are  shown  in  tables 
1  and  2.  The  hour  for  conducting  tests  was  accommodated  to 
the  study  program  of  the  several  reactors,  they  being  under- 
graduate students  in  the  University.  In  so  far  as  was  possible, 
each  reactor  worked  on  the  same  hour  on  each  of  his  days. 

In  order  to  obviate  stage  fright,  self  consciousness  and  other 
personal  disturbances,  a  practice  period  of  seven  days  was  allowed 
to  reactors  working  under  schedules  1  and  2.  On  these  practice 
days  the  reactor  reframed  from  smoking  in  the  part  of  the  day 
preceding  the  giving  of  the  test.  Alternation  of  smoking  and 
non-smoking  at  this  time  might  have  well  been  undertaken  in 
order  to  study  the  learning  abilities  when  smoking  and  when  not 
smoking.  Failure  to  do  so,  however,  had  no  bearing  upon  the 
test  as  it  was  presented  and  evaluated. 

*  In  Carver's  article,  page  294,  the  diameter  of  ring  2  is  given  as  29  inches, 
which  is  a  clerical  error,  24  inches  being  the  actual  measurement. 
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TABLE  1 

Diatribviian  of  working  days  of  the  indimdiAol  reactors 

The  numbers  indicate  the  schedules  of  the  different  days 


DAT! 

BBACTOBS 

1 

3 

s 

4 

6 

0 

October   6 

1 
1 
1 
1 

1 
1 
1 

1 

2 

1 

2 

1 
2 

1 

2 

1 
2 

1 

2 

1 
2 

1 
2 
1 
2 

1 
2 

1 

1 
1 

1 
1 

1 
1 

1 

2 

1 
2 

1 
2 

1 

2 

1 

2 

1 
2 

1 
2 

1 
2 

1 
2 
1 
2 

1 

1 
1 

1 
1 
1 

1 

1 

2 

1 
2 

1 
2 
1 
2 

1 

2 

1 

•  2 

1 
2 
1 
2 

1 
2 
1 
2 

4 
4 
4 

4 
4 
4 

6 
4 
5 

4 
6 

4 
6 
4 

5 
4 
5 
4 
6 

1 
1 

1 

1 
1 
1 
1 

1 

2 

1 
2 

1 

2 

1 
2 
1 
2 

1 
•2 

1 
2 

1 

2 

1 
2 

1 
2 

1 

October   7 

1 

October  8 , 

October   9 

1 

October  11 

1 

October  12 

1 

October  13 

1 

October  14 

1 

October  15 

October  16 

1 

October  18 

2 

October  19 

1 

October  20 

2 

October  21 

1 

October  22 

October  23 

October  23 

October  26 

2 

October  27 

i 

October  28 

October  29 

October  30 

November   1 

2 

November   3 

1 

November  4. . . . , 

2 

November   6 

November   6 

1 

November   9 

November  10 

2 

November  11 

November  12 

November  13 

November  16 

November  16 

1 

November  17 • 

2 

November  18 

1 

November  19 

November 

2 

November  22 

1 

November  23 

2 

November  29 

November  30 

1 

December  1 

2 

December  2 
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In  conducting  the  test  after  the  smoking  was  introduced, 
non-smoking  days  and  smoking  days  were  allowed  to  alternate 
until  ten  days  of  each  had  been  concluded,  making  in  all  twenty- 
seven  days  for  each  reactor. 

After  reaching  the  laboratory,  the  reactor  remained  seated 
from  fifteen  to  twenty  minutes  preceding  the  throwing  of  darts. 
On  the  non-smoking  days  this  constituted  a  rest  period,  and  on 
smoking  days  it  provided  the  interval  in  which  reactor  smoked. 
In  this  manner  the  time  of  the  throwing  was  kept  at  a  near  con- 
stant— thirty  to  thirty-five  minutes.  Upon  the  word  "set  up" 
the  reactor  took  a  position  "toeing"  a  line  15  feet  from  target, 
and  grasped  in  the  left  hand  13  darts,  taking  them  from  a  table 
placed  at  his  left,  and  waited  for  the  word  "go."  At  "go"  he 
began  throwing  the  darts  at  the  target  with  the  rate  and  force 

TABLE  2 

Working  hours  of  the  reactors 

Fifty  minutes,  beginning  at  the  hours  indicated 

Reactor  1 Wednesday,  Thursday,  Friday,  Saturday,  9:30 

Reactor  2 Monday,  Tuesday,  9:30;  Thursday,  Friday,  10:30 

Reactor  3 Wednesday,  Thursday,  Friday,  8:30  ;  Saturday,  10:30 

Reactor  4 Monday,  Tuesday,  Wednesday,  10:30 

Reactor  5 Monday,  Tuesday,  Wednesday,  Thursday,  Friday,  2:00 

Reactor  6 Monday,  Tuesday,  Wednesday,  Thursday,  Saturday,  3:00 

which  seemed  to  him  most  suitable.  As  soon  as  he  had  thrown 
the  13  darts,  he  took  12  more  from  the  same  table,  and  continued 
throwing  until  these  were  gone.  By  this  method  the  reactor's 
attention  was  distracted  but  once  from  the  bull's  eye.  All 
darts  remained  where  they  stuck  in  the  target  untU  the  set  of 
25  had  been  finished  and  scored. 

The  first  day  of  throwing,  the  reactor  was  told  to  confine 
himself  to  overhand  throws,  and  to  hold  the  dart  in  such  manner 
as  seemed  to  him  to  conduce  to  accurate  throwing.  In  every 
instance  the  reactor  chose  to  grasp  the  dart  between  the  first  two 
fiingers  and  thumb,  close  to  the  metal  socket  of  the  point.  This 
method  of  throwing  was  continued  throughout  the  tests. 

The  experimenter  scored  the  darts  as  they  were  thrown  by 
noting  the  circle  in  which  the  hits  fell,  the  bull's  eye  being  scored 
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6  and  the  succeeding  circles  scored  as  5,  4k,  3,  2,  and  1.  All  hits 
without  the  outer  circle  were  scored  0.  When  the  experimenter 
was  in  any  doubt  concerning  the  accuracy  of  the  scoring,  a 
recount  was  made  at  the  end  of  the  set.  The  darts  were  then 
withdrawn  by  the  experimenter,  who,  as  he  withdrew  them, 
scored  the  hits  in  the  four  quadrants. 

Two  minutes  of  rest  (reactor  seated),  were  allowed  between 
each  of  the  daUy  12  sets  of  throws  of  25  to  the  set.  This  method 
was  used  instead  of  a  ''headway^'  of  a  certain  number  of  minutes, 
as  employed  by  Carver,  in  order  to  have  a  definite  time  for  scor- 
ing a  set  and  collecting  the  darts  for  the  next  set.  However,  as 
the  test  worked  out,  the  "headway"  was  fairly  constant  at  from 
two  and  one  half  to  three  minutes.  There  was  but  a  di£Ference  of 
a  few  seconds  between  the  average  throwing  time  of  the  different 
reactors,  with  the  exception  of  reactor  4. 

Six  reactors  were  employed  in  the  test,  5  of  them  for  twenty- 
seven  days  each  on  schedules  1  and  2,  the  other  (reactor  4),  for 
nineteen  days  on  schedules  4  and  5. 

From  the  outlines  of  the  individual's  "observable  characteris- 
tics," it  may  be  said  that  the  6  reactors  were  apparently  mentally 
normal  young  men.  With  continued  observation  of  the  reactors 
and  their  performances,  certain  traits  which  might  be  considered 
by  some  theorists  as  "neurotic"  became  evident.  Such  traits 
would  be  found  in  every  intelligent  individual  under  continued 
observation. 

The  tests  occurred  in  a  quiet  room,  no  one  being  present  except 
the  reactor  and  the  experimenter.  DaUy  records  were  kept 
of  the  temperature  and  humidity  in  the  room,  and  records  of 
barometric  pressure  were  obtained  from  the  Baltimore  station  of 
the  Weather  Bureau.  A  study  of  these  records  revealed  nothing 
which  could  account  for  variations  in  the  performance,  and  hence 
the  records  are  not  here  inserted. 

g.  The  regulation  of  smoking  in  connection  vrith  the  teats 

Under  schedule  1  the  reactor  refrained  from  smoking  in  the 
portion  of  the  day  preceding  the  giving  of  the  test,  and  did  not 
smoke  for  the  test. 
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Under  schedule  2  the  reactor  refrained  from  smoking  each 
day  preceding  the  giving  of  the  test,  but  smoked  one  cigar  or  two 
cigarettes  in  the  fifteen  or  twenty  minutes  inmiediately  preceding 
the  throwing  of  darts,  other  conditions  remaining  the  same  as 
under  schedule  1.  Cigars  and  cigarettes  were  not  altematives, 
but  each  reactor  confined  himself  to  the  one  or  the  other. 

Under  schedule  4,  the  reactor,  (a  habitual  smoker)  did  not 
refrain  from  smoking  but  continued  his  use  of  tobacco  as  usual. 
He  smoked  before  coming  to  the  laboratory  but  not  thereafter. 

Under  schedule  5,  the  reactor  desisted  from  smoking  on  the 
day  of  the  test  and  did  not  smoke  for  the  test. 

In  every  case  from  beginning  to  end  of  reactor's  daily  per- 
formance, the  duration  was  approximately  fifty  minutes. 

Schedules  1  and  5  may  at  times  in  this  inquiry  be  referred  to 
as  non-smoking  test  days,  and  schedules  2  and  4  referred  to  as 
smoking  test  days.  In  the  case  of  reactors  1,  2,  3,  5,  and  6, 
schedule  1  was  followed  for  the  first  seven  (practice)  days,  and 
thereafter  schedules  1  and  2  were  followed  on  alternate  days. 
For  reactor  4,  schedule  4  was  substituted  for  schedule  1,  and  5 
for  2. 

The  cigars  used  were  of  a  conmiercially  well  known  brand, 
made  in  Baltimore,  of  claro-colorado  strength,  retailing  at  10 
cents.  They  were  of  practically  the  same  grade  as  the  cigars 
(  used  by  Carver,  but  were  not  the  same  brand,  the  size  and 
strength  desired  being  temporarily  unobtainable  in  the  former 
brand.  The  cigarettes  were  of  a  popular  brand,  running  very 
uniform  in  strength. 

The  amount  of  tobacco  smoked  by  each  reactor  in  each  smoldng 
day  was  estimated  by  the  procedure  described  below.  Although, 
as  Carver  has  pointed  out,  such  attempted  standardization  has 
little  significance,  it  was  thought  well  to  keep  the  record.  It  must 
be  distinctly  imderstood,  however,  that  we  do  not  assiune  that 
the  quantity  of  smoke  products  absorbed  by  the  reactors  varies 
simply  with  the  quantity  of  tobacco  burned.  Nor  do  we  assume 
that  the  weights  give  exactly  the  actual  amount  of  tobacco, 
since  in  spite  of  ourMtempts  to  keep  the  cigars  uniformly  moist 
in  the  humidor,  the  moisture  imdoubtedly  varied. 
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Fifty  cigars  of  the  type  and  kind  used  for  tests  were  stripped 

of  their  trade-mark  bands  and  weighed.    The  weighing  took  place 

immediately  upon  the  breaking  of  seals  and  removal  from  the 

box.    The  average  weight  of  a  cigar  was  found  to  be  5.9267 

grams.    The  fifty  cigars  were  next  placed  one  at  a  time  upon  the 

balance^  and  the  one  weighing  nearest  to  the  average  weight 

was  selected.    The  first  (pointed)  inch  of  this  cigar  was  cut  oflf 

and  weighed^  its  weight  being  1.11  grams.    The  next  inch, 

more  or  less  constant  in  its  cylindrical  f  orm^  was  then  cut  off  and 

weighed.    This  was  found  to  weigh  1.405  grams.    The  weight 

1.405 
per  i  inch  of  the  cylindrical  part  was  then:     '       =0.1756  gram. 

o 

When  conducting  the  tests  the  portion  of  each  cigar  unsmoked 
at  the  conclusion  of  the  interval  for  smoking  was  measured  to 
the  eighth  of  an  inch,  and  the  weight  of  the  tobacco  smoked 
thus  estimated.  The  deviations  due  to  the  slightly  different 
weights  of  individual  cigars  are  too  small  to  be  considered. 

Sixty  cigarettes  were  in  like  maimer  weighed  and  the  average 
computed  to  be  1.1408  grains  per  cigarette.  The  cigarette 
being  of  a  uniform  cylindrical  shape,  the  smoked  portion  was 
determined  in  a  manner  simpler  than  that  for  the  cigar.  No 
deduction  was  made  for  the  paper  wrapper. 

The  approximate  weights  of  tobacco  smoked  by  each  reactor 
on  each  of  his  smoking  days  are  given  in  table  3. 

S.  Personal  notes  on  the  six  reactors 

The  reactors  were  undergraduate  students  in  the  University? 
and  were  representative  types,  so  far  as  intelligence,  scholar- 
ship and  general  health  are  concerned.  The  experimenter  not 
only  controlled  the  work  of  these  men  during  the  dart-throwing 
periods  as  carefully  as  possible,  making  the  daily  routine  uniform, 
but  also  obtained  daily  information  on  the  state  of  health,  sleep 
and  general  activities  of  each  man,  and  kept  watch  of  their 
behavior  throughout  the  experiment,  for  indications  of  emotional 
peculiarities  and  changes.  Each  man  was  interrogated  as  to 
his  own  beliefs  and  attitudes  concerning  the  use  of   tobacco, 
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in  order  that  any  possible  effect  of  bias  upon  the  man's  endeavor 
might  be  noted.  The  net  result  of  the  observations  and  interro- 
gations which  are  reported  below  was  to  convince  the  experi- 

TABLE  3 
Smoking  schedules  of  reactorey  indicating  grama  of  tobacco  consumed  for  each 

day^s  test 


DAT! 

BBACTOBl 

BBACTOB2 

bbactobS 

(CIQABS) 

BBACIOB6 

Ccioabb) 

BBACT0B6 
(CIGABS) 

October  18 

1.65 
1.65 

1.40 

1.45 
1.60 

1.71 

1.55 

1.71 
1.65 

1.60 

1.65 
1.71 
1.65 

1.55 

1.65 

1.71 
1.65 

1.65 

1.65 
1.65 

3.06 
4.11 

3.93 
3.58 

3.93 
4.46 

4.46 
3.58 

4.11 
4.11 

4.81 
4.11 

3.58 
3.76 
4.11 

4.64 
4.11 

6.16 
4.81 
4.81 

4.46 

October  19 

October  20 

3  41 

October  21 

October  22 

October  23 

October  25 

October  26 

2.00 

October  27 

October  28 

October  29 

October  30 

November    1 

3.41 

November   3 

November  4 

3.58 

November   5 

November   6 

November   9 

November  10 

4.11 

November  11 

November  12 

November  13 

Nnv^mber  16... . . 

November  17 

3.58 

November  18 

November  19 

November  20 

4.11 

November  23 

4.46 

November  30 

December  1 

3.76 

December  2 

menter  that  the  6  reactors  were  "normal,"  and  were  cooperating 
fully  with  the  experimenter. 

It  must  be  distinctly  understood  that  while  the  statements  as 
to  the  reactors  smoking  habits  are,  in  substance,  the  reactors' 
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own  reports  on  the  matter,  the  summaries  of  the  reactors'  tem- 
peramental, emotional,  and  motor  characteristics  are  the  experi- 
menter's opinions,  based  on  daily  observations  and  on  informa- 
tion itif ormally  elicited  from  the  reactors  during  the  preliminary 
'resting*  or  smoking  period.  While  the  smnmaries  indicate 
divers  temperamental  tendencies,  they  are  all  such  as  may  be 
expected  concerning  normally  healthy  young  men. 

10 


Fig.  1 

ReadUjr  1.    Age  nineteen  years,  ten  months. 

This  reactor  smoked  his  first  cigarette  about  three  years  ago.  He 
then  smoked  at  intervals  for  a  short  while  and  discontinued  the  use  of 
tobacco  for  about  a  year  and  a  half.  At  present  he  smokes  only  when 
with  his  associates,  and  then  for  mere  sociability.  He  states  that  he 
does  not  enjoy  smoking,  and  feels  that  it  is  injurious  to  his  health. 
He  is  an  expert  swimmer  and  refrains  from  the  use  of  tobacco  when 
making  trials  or  entering  contests,  as  he  is  of  the  impression  that  his 
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breath  is  shortened  from  its  use.  He  states  that  he  has  formed  no 
habit,  as  he  has  no  difficulty  in  discontinuing  smoking  whenever  he  de- 
sires.   Reactor  does  not  inhale  the  smoke. 

Reactor  1  developed  a  tendency  to  ennui  as  the  tests  progressed* 
At  times  he  seemed  capricious  in  his  throwing,  changing  his  rate  and 
his  speed  without  apparent  reason.  This  was  noted  on  a  number  of 
occasions,  but  on  October  29  and  November  4  and  5  particularly.  He 
maintained  throughout  the  tests  a  recurring  disposition  to  experiment 
with  his  own  throwing.  On  October  16,  after  a  good  set  of  throws,  he 
announced,  "I  am  going  to  make  a  record."  The  next  hit  fell  in  an 
outer  circle  after  which  he  began  to  throw  in  a  somewhat  haphazard 
manner.  At  the  conclusion  of  the  test  he  volunteered  that  when  he 
"went  wild  on  the  first  throw"  it  was  difficult  to  continue  his  throws 
thereafter  with  accuracy.  The  reason  he  gave  was  "he  just  got  dis- 
couraged." No  other  emotional  or  temperamental  reasons  were  evi- 
denced that  might  affect  his  precision  in  throwing  than  have  already 
been  noted. 

Reactor  2.    Age  twenty-one  years,  ten  months. 

This  reactor  smoked  for  the  first  time  at  nine  years  of  age.  He  has 
not  been  an  habitual  smoker.  When  in  military  training  at  Plattsburg 
in  the  summer  of  1918,  he  smoked  from  five  to  six  cigarettes  a  day. 
In  the  Student  Officers  Training  Corps,  in  the  fall  of  1918,  he  continued 
smoking  but  at  this  time  b^an  using  a  pipe.  On  one  occasion  he  was 
made  sick  from  its  use.  After  this  he  discontinued  smoking  altogether 
and  has  not  used  tobacco  since,  excepting  for  the  tests  as  are  here  de- 
scribed.   He  has  never  tried  to  inhale  tobacco  smoke. 

Reactor  2  seems  to  entertain  no  prejudice  as  to  smoking  in  general. 
He  admits  that  he  personally  enjoys  it.  He  does  not  approve  of  drastic 
legislation  in  regard  to  smoking,  but  favors  such  legislation  as  the 
West  Virginia  smoking  laws,  where,  under  the  law,  no  person  tmder 
sixteen  years  of  age  is  allowed  to  smoke  and  no  one  under  twenty-one 
years  is  permitted  to  smoke  a  cigarette. 

In  the  dart-throwing  tests,  reactor  2  at  first  appeared  to  be  ill  at  ease 
or  easily  embarrassed,  but  for  the  greater  part  of  the  experiment  he  was 
quite  at  ease.  Trivial  things  at  times  seemed  to  distract  his  attention 
from  his  throwing,  much  to  the  detriment  of  his  aim.  On  October  15 
the  reactor  in  several  throws  at  the  beginning  of  the  test  threw  wide  of 
the  mark.  Thereafter  he  seemed  to  lose  control  of  the  darts.  It 
seemed  to  be  an  accident  if  he  approached  the  center  of  the  target. 
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Some  of  the  darts  stuck  in  the  floor  as  close  as  10  feet  from  the  reactor. 
The  hits  seemed  to  be  confined  to  no  one  quadrant,  but  the  tendency 
seemed  to  be  to  the  lower  left.  While  the  test  was  in  progress,  the  reac* 
tor  laughed  hysterically  at  his  inability  to  control  his  aim.  He  ventured 
the  statement  at  the  time,  ''When  I  make  a  wild  throw  I  cannot  get 
my  eye  off  of  that  dart."  Before  the  end  of  the  period  he  had  r^ained 
his  former  control.  This  incident  is  related  in  detail  as  the  same  condi- 
tion manifested  itself  on  October  19,  22  and  26,  and  for  other  intervals 
of  but  short  duration. 

Reactor  at  times  seemed  to  be  affected  by  a  depression  which  he 
characterized  as  "the  blues,"  and  which  at  times  would  give  way  to 
high  spirits  or  exuberance.  October  18,  reactor  stated  that  he  was 
feeling  dejected.  This  he  attributed  to  the  weather,  it  being  rather 
close  and  oppressive  and  somewhat  foggy.  The  thermometer  stood 
at  76^.  On  October  19  reactor  still  indicated  a  feeling  of  dejection  and 
at  the  conclusion  of  the  test,  when  a  cause  for  this  was  requested,  replied 
that  ''ever3rthing  looked  so  hopeless"  to  him.  Upon  questioning  him 
at  the  close  of  the  tests,  the  reactor  stated  that  is  he  more  at  ease  with 
one  individual  than  he  is  with  a  crowd.  In  a  crowd  he  states  that  ''he 
is  lost."  He  bites  his  Ups  when  imder  stress  or  strain  in  order  to  com- 
pose himself.  He  states  that  he  forces  himself  into  situations  and  in 
recent  months  has  discovered  that  he  reacts  with  considerably  more 
self-composure.  He  is  susceptible  to  worrying  at  sUght  provocation, 
has  a  vivid  imagination — "too  vivid" — and  at  times  has  feelings  of 
irritability.  He  is  exceedingly  sensitive,  his  particular  dread  seems  to 
be  that  some  one  may  impeach  his  honesty  or  impute  to  him  improper 
motives  in  conduct.  He  used  to  have  feelings  that  he  was  being  de- 
preciated or  disparaged  by  his  associates  but  at  present  feels  that  he  is 
overcoming  this  condition.  He  formerly  preferred  to  be  alone  but  has 
forced  himself  into  situations  until  he  feels  that  he  has  become  more 
sociably  inclined. 

Reactor  S.    Age  eighteen  years,  eight  months. 

Reactor  3  smoked  for  the  first  time  at  nine  or  ten  years  of  age.  He 
began  with  com  silk  and  the  Uke  and  gradually  took  up  tobacco. 
Since  July  last  he  has  been  an  habitual  and  regular  smoker.  Prior  to 
that  time  he  indulged  occasionally,  in  his  own  words,  "when  he  felt  bad 
and  bold,"  and  then  he  used  cigars  or  pipe.  As  a  rule  he  has  never 
been  a  cigarette  smoker.  He  alleges  his  chief  reason  for  indulgence  is 
"to  occupy  his  time."    He  states  he  never  uses  tobacco  during  school 
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hours  but  smokes  a  pipe  before  and  after  the  day's  classes,  and  smokes 
a  pipe  while  he  studies  of  an  evening.  This  reactor  can  inhale  tobacco 
smoke  into  his  lungs. 

This  reactor  seemed  to  entertain  no  feeling  against  either  smoker  or 
non-smoker.    He  stated  that  he  would  desire  to  have  his  or  others' 


IX 


privileges  respecting  the  use  of  tobacco  neither  restricted  nor  relaxed 
by  legislation. 

Reactor  3  manifested  throughout  the  tests  a  fidgety,  restless  disposi- 
tion and  was  inclined  to  be  somewhat  garrulous.  His  restlessness  took 
the  form  of  repeatedly  shifting  his  position  in  his  seat  while  the  darts 
were  being  counted  for  the  succeeding  test.  He  was  usually  alert  and 
responsive  at  the  command  to  begin  throwing.    He  frequently  hugged 
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his  knees  as  he  sat.  While  he  maintained  this  tendency  throughout 
the  giving  of  the  tests,  the  trait  was  particularly  noticed  on  October  20 
and  30.  He  has  a  light-hearted  and  genial  disposition  and  possibly 
attaches  much  weight  to  his  own  conduct  and  utterances.  During 
his  early  practice  days  he  was  inclined  to  put  a  kind  of  physical  contor- 
tion into  his  throws — a  ''winding  up",  in  baseball  parlance.  He  leaves 
the  impression  of  possessing  a  type  of  abandon  which  gives  a  spontaneity 
to  his  actions  and  his  utterances.  On  several  occasions  he  whistled  a 
tune  as  he  threw  (seventh  set  of  October  22,  and  third  and  fourth  sets  of 
October  23).  He  usually  anticipated  the  words  ''set  up,"  and  even  the 
word  "go."  This  was  first  noted  October  20  and  the  trait  persisted 
throughout  the  entire  performance  of  the  tests.  He  kept  a  mental 
accoimt  of  his  hits — even  to  the  point  of  a  keen  competition  with  him- 
self. October  29  and  November  10  were  noted  as  possible  exceptions. 
He  strove  to  exceed  his  former  records  and  expressed  chagrin  upon  his 
failure  to  obtain  his  desired  success,  this  particularly  when  his  first 
throw  or  throws  went  wide  of  the  bull's  ^e.  He  stated  on  one  occasion 
October  29,  that  he  was  nervous  but  could  give  no  adeqiiate  definition 
of  what  he  meant  by  the  term,  excepting  mental  and  physical  restless- 
ness. In  his  words,  he  "cannot  stick  to  one  thing  for  a  long  time,"  and, 
as  he  further  states,  has  a  lack  of  ability  to  accomplish  a  thing  through 
tedious  effort.  For  the  period  of  the  tests  a  feeling  of  well-being  or 
exuberance  seemed  to  be  his  characteristic  m6od. 

He  has  had  some  five  operations  performed  upon  his  throat  and  nose 
for  the  removal  and  treatment  of  tonsils  and  adenoids.  These  opera- 
tions were  performed  between  his  fourth  and  fifteenth  years  of  age. 

Reactor  4.  Reactor  4  began  smoking  at  the  age  of  thirteen.  He 
took  up  tobacco  by  way  of  corn  silk,  fine  wood  shavings  and  the  like. 
He  smokes  at  present  from  six  to  ten  cigarettes  daily.  He  never  smokes 
cigars  and  seldom  smokes  a  pipe.  Cigars  give  him  a  headache  and  too 
many  cigarettes  produce  a  feeUng  of  oppression  about  his  head.  He 
smokes,  as  he  alleges,  because  he  "enjoys  it."  He  has  discontinued  his 
habit  for  as  much  as  two  months  at  a  time,  the  last  about  a  year  ago. 
He  states  that  he  never  thinks  of  smoking  so  long  as  his  attention  is 
distracted  from  it  or  where  he  knows  it  is  impossible  to  smoke. 

This  reactor  insists  that  adults  may  smoke,  but  that  the  use  of 
tobacco  should  be  denied  to  those  who  have  not  reached  physical 
maturity,  and  designates  eighteen  as  the  approximate  age  of  maturity. 
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Throughout  the  tests  the  reactor  maintained  a  slow,  deliberate 
rhythm  in  throwing  his  darts.  This  was  possibly  due  to  throwing  over 
the  wrong  foot  (right).  He  never  learned  to  throw  in  any  other  man- 
ner. The  dmration  of  time  for  throwing  sets  of  25  was  materially 
lessened  towards  the  end  of  the  tests.  The  reactor  has  a  quiet,  un- 
assuming manner  and  is  inclined  to  neatness  in  his  general  physical 
appearance.  He  states  he  is  of  a  nervous  temperament.  In  childhood 
he  alleges  he  was  easily  made  to  cry,  the  cause  being  that  others  re- 
garded his  endeavors  with  indifiFerence.  The  taking  of  an  activity 
out  of  his  hands,  or  displacing  him  in  any  way,  caused  a  resentment 


Fio.  4 

on  his  part.  At  the  present  time  these  feelings  persist.  His  f eelingB  of 
greatest  dejection  are  produced  by  some  one  ''throwing  cold  water'' 
on  his  activities.  In  viewing  motion  pictures  he  formeriy  was  unable 
to  witness  the  exciting  parts,  and  repeatedly  found  himself  closing  his 
eyes  until  a  happier  progress  was  presented.  The  reactor  admits  that 
he  is  given  to  ''building  air  castles"  and  to  daydreaming.  He  encounters 
difficulties  when  he  is  required  to  act  out  of  concert  with  others  and 
complains  of  a  stage  fright  in  which  his  flow  of  speech  is  impeded.  He 
states  he  has  a  persistent  dream  of  a  "barrel"  that  grows  in  sixe  and 
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from  which  he  escapes  with  difficulty  as  it  rolls  along.  At  times  in  his 
sleep  he  has  a  feeling  that  his  legs  are  tied  and  when  he  calls  for  hdp 
is  imable  to  utter  a  sound.  These  conditions  might  seem  to  indicate  a 
state  of  self-consciousness  in  conjunction  with  a  sense  of  inadequacy  or 
inferiority.  The  reactor  alleges  that  he  fdt  composed  throughout  the 
dart-throwing  tests. 

Reactor  5.    Age  eighteen  years,  six  months. 

This  reactor  smoked  for  the  first  time  in  December,  1919,  being  at 
a  club  meeting  when  cigars  were  passed  around.    After  that  he  averaged 


10        11 


^K 
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about  one  cigar  a  month.  The  past  smnmer  he  smoked  about  one  cigar 
a  week.  Home  influences  were  against  the  use  of  tobacco.  Since 
October  he  has  been  continually  increasing  his  amoimt  of  smoking. 
At  the  present  time  he  sometimes  smokes  several  cigarettes  a  day. 
Formerly  he  smoked  for  sociability;  at  the  present  time  it  is  a  source  of 
enjoyment.    He  inhales  somewhat.    He  sees  no  reason  why  adults 
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should  not  smoke  if  they  desire  to.  He  states  that  the  best  grades  he 
has  made  in  his  studies  have  been  since  he  has  become  a  regular  smoker. 
The  reactor  maintained  throughout  the  tests  his  disposition  to  throw 
the  darts  in  as  rapid  succession  as  was  possible  with  consistent  aiming. 
He  attained  the  point  where  he  could  make  25  throws,  with  interval 
for  grasping  the  latter  12  included,  in  thirty*three  seconds.  He  kept 
his  impulsive  force,  according  to  close  observation,  at  nearly  a  constant. 
Combining  a  nearly  constant  rapidity  of  throwing  with  a  nearly  con- 
stant force  injected  a  factor  into  the  tiirowing  that  makes  his  results  of 
considerable  significance  when  compared  with  the  results  of  others. 
Reactor  is  alert  and  quick  of  both  perception  and  reaction.  This  seems 
to  be  borne  out  in  his  rapidity  of  speech  and  in  the  quickness  of  his 
stride.    He  is  the  possessor  of  a  prize  scholarship  and  does  well  in  his 


He  gave  a  history  of  a  paroxysmal  contraction,  of  two  years  ago, 
of  the  muscles  of  his  back,  and  stated  that  he  was  of  the  impression 
that  his  (few)  wide  throws  to  the  lower-left  were  due  to  a  muscular 
contraction  of  his  arm.  He  stated  that  his  knee  reflexes  were  unequal, 
but  upon  examination  the  examiner  could  find  no  inequaUty.  Reactor 
did  have  a  very  fine  muscular  tremor  of  his  fingers. 

The  reactor  stated  that  he  observed  a  difference  in  the  grasp  of  his 
darts  at  the  conclusion  of  the  test  from  that  of  the  begLoning.  The 
same  observation  was  also  made  by  reactors  1  and  3,  the  difference  they 
represented  being  that  of  firmness  or  tenacity  of  hold.  This  aspect  of 
throwing  possibly  results  from  a  reduction  of  activity  to  a  near  automia- 
tism  on  the  part  of  the  reactor  as  the  test  progresses  through  the  daily 
test  interval. 

Reader  6.    Age  eighteen  years,  four  months. 

Reactor  6  smoked  for  the  first  time  at  the  age  of  twelve.  The  cigar 
he  used  at  that  time  made  him  sick.  He  has  used  tobacco  regularly 
for  the  past  three  years.  He  smokes  cigarettes  mostly  and  a  pipe  to 
some  extent,  and  inhales  the  smoke  of  both  into  his  lungs.  A  package 
of  cigarettes — ^20  cigarettes — ^lasts  him  about  three  days.  The  reactor 
evidently  has  smoking  "sprees."  On  one  occasion  last  spring,  he  alleges, 
he  smoked  three  packages  of  cigarettes,  one  cigarette  after  another. 
His  motive  in  smoking,  in  his  own  words,  is  "  to  keep  him  company." 

The  reactor  is  averse  to  having  any  smoking  privilege  restricted,  but 
is  of  the  opinion  that  the  use  of  tobacco  might  well  be  prohibited  during 
the  period  of  physical  immaturity. 
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Reactor  6  threw  with  varying  rates  of  speed  and  of  force  throughout 
the  entire  tests.  Without  apparent  reason  he  would  throw  with  great 
force  and  follow  the  same  throw  ^th  one  of  much  less  intensity.  This 
characteristic,  no  doubt,  has  the  effect  of  reducing  the  import  and  value 
of  the  test  findings.  The  lack  of  constancy,  together  with  his  varsring 
deliberateness,  seemed  to  be  temperamental.  He  states  that  under 
stress  or  excitement  he  has  an  emotional  muscular  trembling.  He 
detailed  a  recent  incident  where,  in  selling  tickets  at  a  football  game, 
he  felt  his  rights  had  been  infringed  upon  by  another  so  employed,  and 


Fig.  6 

a  verbal  altercation  ensued.  After  the  matter  had  been  adjusted  he 
experienced  this  muscular  trembling  for  some  moments.  On  October 
26  he  demanded  a  reason  for  biting  his  finger  nails,  stating  that  he 
had  gone  to  the  extent  of  putting  aloes  upon  his  fingers  to  overcome 
this  habit,  but  continues  it  imdiminiahed.  On  examination  they  were 
discovered  to  be  bitten  down  close  to  the  flesh.  Though  the  fl^ah  had 
not  been  penetrated,  it  had  been  somewhat  roughened  tiiereby.  He 
finds  it  impleasant  to  turn  aroimd  quickly  for  even  a  small  number  of 
times  and  finds  it  impossible  to  ride  on  a  "meny-go-round"  on  account 
of  the  dizsdness  and  nausea  that  ensues.    While  engaging  in  high-fichool 


Digitized  by 


Google 


EFFECTS  OF  CIOAB  AND  CIGABETTE  SMOKINQ 


389 


athletics  he  was,  on  one  occasion,  struck  on  the  head  by  a  vaulting  bar 
and  received  a  severe  skull  injury.  From  this  he  fancies  he  still  feels  ill 
effects  when  very  warm.  He  had  a  tendency  in  the  laboratory  to  step 
as  though  he  were  afraid  he  would  disturb  some  one,  and  reacted  in  the 
examiner's  presence  as  though  he  were  cultivating  an  air  of  composure. 

A  r6sum6  of  the  general  conditions  of  health,  sleep  and  exercise 
for  each  working  day  of  each  reactor  is  given  in  tables  4  to  9. 

The  hours  of  going  to  bed  and  the  duration  of  sleep  for  the 
preceding  night  are,  of  course,  estimations,  for  the  reliability  of 


Fid-  7. 


Fig.  7 


7 


!0 


11 


fX 


which  we  depended  on  the  reactor's  report.  But  since  these 
reports  were  obtained  each  working  day,  for  the  preceding  night, 
it  may  be  reasonably  assumed  that  they  are  approximations  to 
the  facts.  These  data  are  presented  in  order  that  any  reader 
who  may  question  whether  certain  variations  were  not  due  to 
physiological  or  other  general  conditions  of  the  individual  may 
satisfy  himself  on  that  point.  The  author's  conclusion  is  that 
the  variations  cannot  be  so  simply  explained.  In  the  first  line  of 
tables  4  to  9,  D  indicates  preceding  day,  N  indicates  preceding 
night,  and  M  indicates  morning  of  the  same  day. 
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^.  Daily  and  average  scores 

Tables  10  to  15  give  the  scores  for  each  set  of  each  reactor  in 
the  practice  series  and  in  the  twenty-days'  series  of  the  two  test 
schedules.  Averages  are  given  for  each  day's  work  at  the  end  of 
the  lines  for  the  days;  averages  for  all  of  the  first  sets,  second 
sets,  etc.;  for  the  ten  dajrs  of  each  schedule,  at  the  bottoms  of 
the  columns;  and  the  general  average  for  each  of  the  schedules 
is  given  in  italics.  The  average  deviation  (mean  variation)  and 
probable  error  of  these  general  averages  are  given  in  table  16. 
The  graphs  in  figures  1  to  7  are  drawn  from  the  set-averages  of 
these  tables.  The  scores  for  each  set  were  obtained,  as  described 
above,  by  counting  each  dart  in  the  bull's  eye  (circle  6)  as  6 

TABLE  16 
Mean  variationa  and  probable  errors  of  the  aoerage  scores 


BBAcroa 

1 

2 

3 

4 

5 

6 

Smoking 

Mean  variation 

9.27 
7.84 

7.66 
6.48 

4.74 
3.77 

9.74 
8.17 

6.45 
4.59 

5  86 

Probable  error 

4.96 

Non*8moking 

Mean  variation 

7.74 
6.60 

7.98 
6.74 

5.61 
4.66 

5.97 
6.05 

4.90 
4.14 

6.06 

Probable  error 

5  12 

points,  and  darts  in  the  other  rings  from  the  center  as  5, 4, 3, 2 
and  1,  respectively.  Darts  falling  outside  the  limits  of  the  largest 
circle  (circle  1)  were  counted  as  zero. 

The  average  scores  for  the  "smoking"  days  and  the  "non- 
smoking" days  of  reactors  1,  2,  3,  5  and  6  show  little  difference. 
Reactors  1  and  2,  who  were  non-smokers  during  the  months  of 
the  tests,  except  for  the  prescribed  smoking  of  schedule  2,  have 
scores  0.6  per  cent  better  in  the  smoking  and  0.5  per  cent  better 
in  the  non-smoking  schedules,  respectively.  This  is  a  remarkably 
close  approximation  of  the  two  scores  in  each  case.  Of  the  3 
smokers,  reactors  3  and  5  have  non-smoking  scores  1.45  per  cent 
and  2.41  per  cent  better  than  their  smoking  scores,  but  reactor 
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6  has  a  smoking  score  0.32  per  cent  better  than  his  non-smoking 
score.  The  difference  for  this  reactor  is  so  small  that  it  is  entirely 
negligible.  It  will  be  noted  from  the  '^personal  notes"  (p.  377) 
that  reactors  1  and  2,  who  smoked  cigarettes  in  the  test,  did  not 
inhale  the  smoke.  This  is,  of  course,  important  in  connection 
with  the  negative  results  for  their  tests.  But  reactor,  6  who 
shows  negative  results,  did  inhale. 

The  results  so  far  then,  indicate  that  the  immediate  effects  of 
moderate  smoking  (1  cigar  or  2  cigarettes)  vary  from  negligibility 
to  slight  disturbance  of  accuracy  by  the  smoking:  results  quite  in 
accordance  with  Carver's  findings. 

Reactor  4,  who  worked  on  a  different  schedule,  has  a  higher 
average  score  (1.48  per  cent)  on  his  smoking  days  than  on  his 
non-smoking  days.  But  in  this  case  there  is  no  immediate  effect 
of  smoking,  since  the  reactor  did  not  smoke  in  any  of  the  tests; 
but  rather  an  effect  of  abstinence,  during  the  preceding  part  of 
the  day,  from  his  accustomed  smoking.  If  we  could  assume  that 
reactors  3  and  5,  on  the  non-smoking  days,  were  deleteriously 
affected  by  abstinence  from  the  customary  smoking  during  the 
non-smoking  days,  and  that  on  the  smoking  days,  the  effects  of 
the  smoking  during  the  tests  were  mixed,  the  deteriorative  (for 
these  reactors)  immediate  effects  being  complicated  by  the 
partial  removal  of  the  effects  of  abstinence,  the  score-difference 
for  these  reactors  would  become  of  more  importance.  But  in 
any  case,  the  difference  in  the  scores  of  these  two  reactors  seems 
to  indicate  a  slight  detrimental  immediate  effect  of  smoking,  for 
although  the  differences  are  less  than  2  per  cent,  and  less  than 
the  probable  error,  they  are  based  on  a  sufficiently  large  number 
of  cases  (approximately  3000  darts  in  each  of  the  two  schedules). 

5.  The  actual  distribution  of  darts 

The  method  of  scoring  by  any  definite  values  to  the  several 
rings  of  the  target,  is,  of  course,  arbitrary,  and  it  might  be 
suspected  that  other  methods  of  scoring  might  give  different 
results.  For  this  reason,  the  comparisons  are  made  in  table  17 
on  the  basis  of  the  actual  percentages  of  the  total  number  of 
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darts  in  the  total  smokiiig  and  non-smoking  sets  (3000  darts  in 
each,  in  most  cases)  included  within  the  several  rings  and  the 
bull's  eye. 

It  will  be  noted  that  in  table  17  the  percentages  for  each 
circle  include  the  percentages  for  the  circles  within  that  circle. 
For  example:  the  percentage  for  circle  4  includes  darts  in  circles 
5  and  6,  as  those  darts  are  all  within  4. 

TABLE  17 
Percentages  of  darts  vnthin  the  several  rings  of  the  target 


BBACfTOB 

8CHB>trL> 

BnrcM 

0 

5 

4 

t 

2 

1 

■   { 

1 

2 

0.8 
0.9 

19.7 
20.1 

62.8 
68.7 

78.4 
79.2 

91.4 
91.1 

96.3 
96.7 

2       1 

1 

2 

0.5 

22.0 
22.2 

69.8 
69.8 

84.2 
83.4 

94.9 
93.4 

98.2 
97.2 

3       1 

1 
2 

1.4 
1.3 

27.2 
24.3 

68.0 
66.7 

90.8 
90.1 

98.1 
97.6 

99.6 
99.5 

4       1 

4 
5 

1.0 

1.3 

22.3 
22.3 

62.2 
69.1 

86.4 
84.3 

96.7 
96.1 

98.8 
96.5 

6       1 

1 
2 

1.0 
1.0 

20.6 
18.8 

66.6 
63.2 

81.1 
79.0 

94.0 
92.2 

97.4 
97.3 

•  { 

1 
2 

1.2 
0.9 

20.1 
19.6 

66.4 
66.0 

80.1 
81.6 

93.2 
93.1 

97.7 
97.9 

In  table  17  it  is  seen  that  reactor  1  shows  but  slight  difference 
between  the  number  of  darts  within  any  ring  for  smoking  and 
non-smoking  schedules.  No  simple  method  of  scoring  would 
make  the  total  scores  for  the  two  schedules  differ  to  an  important 
extent.  Reactor  2  shows  slightly  more  difference  between  the 
two  schedules;  a  slightly  higher  number  for  the  bull's  eye  (ring 
6),  the  same  number  within  ring  4,  and  fewer  in  rings  3,  2,  and 
1;  in  the  smoking  as  compared  with  the  non-smoking  schedule. 
In  other  words,  a  tendency  to  scatter,  in  this  smoking  schedule, 
in  a  certain  way,  so  that  a  few  more  of  the  highly  successful 
(bull's  eye)  throws,  and  a  few  more  ''wild"  throws,  are  made. 
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than  in  the  non-smoking  schedules.  Nevertheless,  the  total 
tendency  to  scatter  is  less  in  the  smoking  schedule  for  this  reactor 
than  in  the  non-smoking,  as  shown  by  the  measures  of  variation 
(table  16).  The  distribution  curve  for  the  two  schedules  is  of  a 
different  type.  It  is  interesting  to  note  that  of  the  total  throws 
of  all  reactors  which  completely  missed  the  target,  240  were  on 
"smoking"  days,  208  on  ''non-smoking." 

Reactors  8  and  5,  while  showing  approximately  the  same 
percentages  of  hits  in  the  bull's  eye,  in  both  schedules,  show  a 
higher  percentage  in  the  second,  third,  fourth  and  fifth  rings 
in  the  smoking  schedule  than  in  the  non-smoking:  a  showing 
entirely  in  accord  with  the  results  of  the  scores  in  tables  10  and  14. 
Reactor  6,  whose  "smoking"  score  in  table  15  is  very  slightly  better 
(0.32  per  cent)  than  his  non-smoking  score,  has  a  slightly  higher 
nmnber  of  darts  in  the  bull's  eye  and  in  ring  5  in  the  non-smoking 
schedule,  but  has  a  higher  number  within  rings  4  and  3  in  the 
smoking.  In  other  words,  the  scatter  is  less  for  the  smoking 
score. 

Reactor  4,  who  worked  on  schedules  different  from  those  of  the 
other  reactors,  with  a  somewhat  better  score  on  the  "smoked  as 
usual"  days  (schedule  4)  than  on  the  abstinence  days,  shows 
distributions  consistent  with  the  difference,  for  although  more 
bull's  eyes  were  made  on  abstinence  days,  more  darts  were  placed 
within  the  fourth,  third  and  second  rings  and  as  many  within 
the  fifth  and  first  on  the  smoking  days,  the  darts  averaging 
nearer  the  center  on  the  smoking  dasrs. 

The  method  of  scoring,  therefore,  appears  to  be  adequate, 
and  the  measure  of  variation  also  may  be  taken  from  the  scores. 
The  average  deviation  of  the  total  scores  for  each  reactor  are 
given  in  table  16,  together  with  the  probable  errors  of  the  scores. 
In  every  case  but  one,  the  variation  is  less  for  the  smoking  days: 
in  the  case  of  reactor  2,  the  variation  is  slightly  higher  for  the 
smoking  days.  In  other  words,  the  distribution  is  more  uniform  \ 
— ^less  scattering — ^after  smoking.  This  effect  of  tobacco  is  \ 
apparently  independent  of  the  effect  on  the  average  score. 
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6.  Variations  in  efficiency  (hroughout  the  hour ' 

The  progress  of  the  throwing  through  the  workmg  hour  shows 
some  interestmg  peculiarities.  On  all  except  a  few  days,  12 
sets  of  25  darts  each  were  thrown  in  schedules  1  and  2.  The 
scores  for  each  set  on  each  day  are  given  in  tables  10  to  15,  and 
the  set-averages  (that  is,  the  averages  for  the  first  set  on  the  ten 
days  of  each  schedule,  the  average  of  the  second  set  on  the  ten 
days,  and  so  on)  are  given  at  the  bottom  of  the  column  for  each 
schedule.    These  set-averages  show  significant  variations. 

The  graphs  of  figures  1  to  6  show  the  values  of  the  set-averages 
for  each  reactor.  In  each  figure,  the  numbers  at  the  left  are 
score  values,  and  the  numbers  at  the  bottom  indicate  the  succes- 
sive sets  of  25  darts  each  thrown  in  each  hour.  The  dotted  line 
in  figures  1,  2,  3,  5  and  6  represents  the  course  of  the  set  averages 
for  the  non-smoking  days;  the  solid  line  in  these  figures  represents 
the  course  for  the  smoking  days.  Each  of  the  12  ordinates  of 
each  graph  represents,  therefore,  the  average  of  the  scores  of  the 
corresponding  set  on  ten  days:  representing,  therefore,  a  total 
of  250  darts  each. 

In  figure  4,  the  dotted  line  represents  the  ''deprivation  of 
smoking"  schedule  (schedule  5),  and  the  broken  line  the  "smoking 
as  usual"  schedule  (schedule  4). 

In  general,  the  fluctuation  of  the  smoking  averages  are  less 
violent  tha^  those  of  the  non-smoki|ig.  In  other  words,  the 
smoking  averages  show  a  more  consistent  course  from  the  first  to 
the  twelfth.  This  is  especially  noticeable  in  reactors  1,  2,  3  and 
6,  not  significantly  with  4  and  5.  It  is  noticeable  that  in  every 
case  there  is  a  slump  in  the  non-smoking  curve  towards  the  middle 
of  the  hour,  with  recovery  towards  the  end.  The  smoking  curve 
of  reactors  4  and  5  show  similar  slumps  and  recoveries,  but  the 
smoking  curve  of  reactors  2  and  6  show  no  such  slump,  and  the 
slump  for  reactors  1  and  3  occurs  at  the  end  of  the  smoking 
curves.  It  is  interesting  to  note  that  each  of  these  pairs  of 
reactors  consists  of  a  cigarette  smoker  and  a  cigar  smoker,  and 
also  that  there  is  here  a  distinct  effect  of  the  smoking  on  reactors 
1  and  2,  although  the  average  daily  scores  of  these  reactors  are 
not  affected  significantly,  as  shown  in  tables  10  and  11. 
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The  general  tendencies  discoverable  in  the  graphs  of  the  several 
subjects  are  clearly  apparent  in  the  graph  of  the  combined 
average  of  reactors  1,  2,  3,  5  and  6  (fig.  7). .  This  graph  shows  a 
higher  average  score  for  schedule  1  (non-smoking)  over  schedule 
2  for  the  early  part  of  the  hours:  then  a  slump  followed  by  re- 
covery. The  greater  consistency  of  the  "smoking"  work  is 
clearly  apparent.  While  the  group  averages  of  the  reactors' 
scores  would  not  by  itself  be  admissible  evidence^  it  is  significant  in 
connection  with  the  individual  scores  and  does  actually  exhibit  a 
general  tendency,  in  spite  of  the  individual  variations. 

Apparently,  we  have  here  a  distinct  effect  of  smoking.     The 
course  of  efficiency  throughout  the  hour  is  the  same  for  all 
reactors,  when  they  have  not  recently  smoked:  there  is  in  alK 
cases  a  tendency  to  slump  after  the  first  spurt,  and  a  subsequent)) 
recovery.    But  immediately  after  smoking,  the  course  of  the    - 
efficiency  is  different  for  4  reactors.    One  reactor  fails  to  show 
this  difference,  and  the  remaining  reactor  (reactor  4)  was  not 
tested  immediately  after  smoking.    The  fact  that  the  alteration 
in  the  course  of  the  efficiency  for  2  reactors  is  somewhat  different 
from  that  for  the  other  2  may  reasonably  be  considered  a  matter 
of  indi^dual  difference  in  susceptibility,  or  difference  in  the  tem- 
poral course  of  the  tobacco  effects.    It  is  possible  that  the  2  \ 
reactors  who  show  no  terminal  slump  in  the  smoking  curve  would 
have  shown  it  a  little  later :  that  is  to  say,  that  the  effects  of  smok-  ^ 
ing  in  all  4  cases  is  to  postpone  the  slump.    The  one  reactor  (reac- 
tor 5)  who  shows  no  disturbance  of  the  course  of  efficiency  by 
smoking,  is  one  who  shows  no  other  significant  effect  of  smoking. 

7.  Vertical  and  horizontal  distnbutione 

As  has  been  described  above,  the  target  was  divided,  by 
vertical  and  horizontal  lines  through  the  center  of  the  bull's 
eye,  into  four  quadrants.  Records  were  kept  of  the  number  of  \ 
darts  in  each  set  falling  in  each  quadrant,  and  analyses  were  made  \ 
of  these  records  in  order  to  find  possible  significant  variations  in 
the  vertical  and  lateral  distributions  of  the  darts.  These  analyses 
yielded  nothing  of  consequence.  Table  18  presents  the  general 
averages  of  the  smoking  and  non-smoking  sets  of  each  reactor, 
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showing  the  average  number  of  darts  f  allmg  in  upper  and  lower 
halves  of  the  target,  and  in  the  right  and  left  halves.  It  will  be 
noticed  that  the  vertical  distribution  for  each  reactor  is  approxi- 
mately the  same  for  each  of  his  two  schedules,  and  that  although 
there  is  perhaps  a  tendency  on  the  part  on  Reactors  1,  3,  5  and 
6  to  throw  more  to  the  left  after  smoking,  as  compared  with  the 
non-smoking  schedule,  the  evidence  for  this  tendency  is  unim- 
portant. The  analysis  of  the  quadrants  in  respect  to  daily 
differences  and  differences  in  the  progressive  sets  of  the  hour  was 

TABLE  18 
Average  vertical  and  horizontal  distribution  of  darts 


miACTOB 

aCHXDULB 

mvB 

LOWB 

SIOBT 

!« 

■  { 

1 

11.00 

14.00 

12.36 

12.64 

2 

10.47 

14.53 

12.20 

12.80 

2          1 

1 

11.76 

13.24 

11.62 

13.48 

2 

11.61 

13.40 

11.90 

13.10 

3           1 

1 

12.18 

12.82 

13.92 

.    11.08 

2 

12.12 

12.88 

13.74 

11.26 

'  { 

4 

10.81 

14.19 

13.70 

11.30 

5 

10.08 

14.92 

13.17 

11.83 

6          1 

1 

11.40 

13.60 

11.80 

13.20 

2 

12.19 

12.81 

11.00 

14.00 

6 

1 

13.07 

11.93 

12.43 

12.57 

2 

12.55 

12.45 

12.05 

12.95 

likewise  productive  of  negative  results.  It  was  noted,  however, 
that  there  are  characteristic  individual  differences  in  distribution, 
some  reactors  having  a  distribution  wider  vertically  than  hori-  ^ 
zontally,  others  the  reverse,  and  others  showing  a  diagonal  | 
distribution.  It  was  also  noted  that  there  were  two  tendencies 
shown  after  making  wild  throws,  some  reactors  tending  to  throw 
the  next  dart  into  the  opposite  quadrant,  as  in  over  compensating 
for  the  error,  others  not  showing  this  tendency.  This  factor  as 
a  detail  in  the  correction  of  error  might  well  be  studied  during  the 
early  learning  period,  in  respect  to  its  effect  on  improvement. 
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8.  Speed  of  throwing 
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The  time  taken  by  the  subject  in  throwing  each  set  of  25 
darts  was  taken  with  a  stop-watch  throughout  the  whole  series 
of  tests.  The  average  throwing  times  for  the  6  reactors  are  given 
in  table  19,  in  which  it  will  be  noticed  that  the  time  is  slightly 

TABLE  19 

Avtragt  time  of  throwing  a  set  (tS)  of  darU,  and  coejffieierUs  of  corrdation  bettoeen 

9peed  and  accuracy  of  throxoing 


BBACTOBS 

% 

1 

2 

8 

4 

5 

6 

Non-smokiBg 

Average  deviation 

44.85 
0.58 

41.42 
-0.38 

48.18 
-0.22 

60.40 
-0.24 

35.30 
-0.30 

51.36 

r 

-0.006 

Smoking 

Average  deviation 

45.25 
-0.12 

41.29 
-0.61 

47.37 
-0.33 

61.97 
-0.11 

34.70 
-0.17 

60.02 

r 

0.04 

shorter  for  the  smoking  schedule  (schedule  2)  of  reactors  2,  5, 
and  6^  and  slightly  longer  for  reactors  1  and  2,  than  for  the  non- 
smoking schedule.  The  difference  seems  negligible,  especially 
in  view  of  the  values  of  the  coefficient  of  correlation  between 
speed  and  accuracy,  r,  in  the  same  table. 
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Fig.  8.  Pattern  fob  Target  One-Twblfth  Actual  Diamster 
The  targets  were  blue-printed  from  this  pattern  and  hence  had  white  bull's 
eye,  rings  and  cross-lines,  on  a  dark  blue  ground.    The  dotted  lines  indicate  the 
edges  of  the  target. 
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THE  INSTINCTIVE  LOCOMOTOR  REACTIONS  OF  THE 
LOGGERHEAD  TURTLE  IN  RELATION  TO 

ITS  SENSES 

Q.  H.  PAHKER 
Zodlogxcal  Laboratory ,  Harvard  University 

The  young  loggerhead  turtle,  Caretta  caretta  Lmn.,  on  hatch- 
ing is  immediately  active  and  commonly  takes  a  rather  direct 
course  from  its  sandy  nest  to  the  sea  by  means  that  I  have  else- 
where discussed  (Parker,  1922).  Its  locomotion  under  these 
circumstances  is  of  the  type  seen  in  most  terrestrial  vertebrates 
in  that  the  diagonal  legs  act  together  lifting  the  animal  and  throw- 
ing it  forward. 

When  such  newly  hatched  turtles  are  put  into  an  aquarium  of 
seawater,  their  reactions  are  as  characteristic  in  this  new  en- 
vironment as  they  were  in  the  old  one.  The  turtles  immediately 
assume  a  new  set  of  responses  which  are  for  the  most  part 
strikingly  stereotsrped  and  novel.  They  commonly  rest  by 
floating  on  the  surface  of  the  water  and  under  these  conditions 
the  head  is  held  symmetrically  forward,  the  anterior  flippers  are 
folded  over  the  upper  edge  of  the  carapace,  and  the  posterior 
ones  are  held  in  a  vertical  position  near  the  sides  of  the  body. 
The  turtle  gives  the  general  appearance  of  having  been  snugly 
folded  up  (fig.  1). 

Surface  swimming  is  usually  accomplished  by  a  paddling 
movement  of  the  appendages  which  is  like  ordinary  crawling  in 
that  the  diagonal  legs  strike  at  the  same  time  and  the  two  sets  of 
appendages  alternate  in  action.  This  form  of  swimming  is 
commonly  abandoned  as  soon  as  the  turtle  goes  below  the  surface. 
Here  it  usually  moves  by  a  kind  of  submarine  flight  well  known 
to  aU  visitors  of  those  aquaria  in  which  sea-turtles  are  kept.  This 
type  of  locomotion  is  accomplished  almost  exclusively  by  the 
anterior  flippers  which  are  moved  as  a  pair  up  and  down  over  the 
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back  of  the  animal  much  as  the  wings  of  a  bird  are.  In  vigorous 
movements  of  this  kind  the  right  and  left  flippers  touch  each  other 
at  the  end  of  their  excursions  over  the  back  and  are  then  brought 
down  with  a  vigorous  stroke  on  each  side  of  the  animal.  This 
flight  movement  is  accomplished  almost  entirely  by  the  anterior 
appendages,  the  posterior  ones  being  carried  passively  along 
or  used  at  most  as  rudders.  This  type  of  locomotion  is  the 
most  rapid  of  which  the  turtle  is  capable  and  is  commonly 
employed  in  escape.  If  a  young  turtle  is  caught  between  the 
thumb  and  forefinger  of  the  experimenter  and  held  horizontally 
in  the  air,  it  almost  always  begins  rapid  flight  movements  with 
its  front  flippers. 

In  surface  paddling  and  in  submarine  flight  the  young  tiu*tles 
almost  always  maintain  a  balanced  position  with  the  back  up  and 
ventral  side  down.  If  by  accident  they  are  thrown  latently  so 
that  one  side  is  lower  than  the  other,  they  quickly  recover  by 
imsymmetrical  movements  of  the  anterior  flippers.  When  a 
young  turtle  is  held  between  the  fingers  of  the  experimenter  and 
in  a  horizontal  position  the  flight  movements  of  the  anterior 
flippers  are  commonly  carried  out,  but,  if  during  these  movements, 
the  tiu*tle  is  turned  with  one  side  down,  righting  movements 
appear  with  almost  machine-like  regularity.  These  righting 
movements  are  accomplished  chiefly  by  the  anterior  flippers 
the  lower  of  which  makes  vigorous  cross-wise  strokes  while  the 
upper  one  is  held  almost  motionless  and  directed  over  the  back 
(fig.  2).  By  the  action  chiefly  of  the  momentarily  lower  flipper 
the  turtle  is  brought  quickly  into  a  horizontal  position  dorsal 
side  up.  If  the  turtle  is  held  with  the  left  side  down,  the  left 
front  flipper  is  the  one  chiefly  concerned  with  righting.  If, 
while  this  operation  is  going  on,  the  turtle  is  quickly  turned 
so  that  the  right  side  is  down,  in  an  instant  the  whole  scheme  of 
movement  reverses  symmetrically  and  the  right  front  flipper 
assumes  the  chief  r61e,  the  left  being  held  motionless.  When  a 
turtle  is  quickly  turned  first  with  one  side  down  and  then  with 
the  other,  the  corresponding  reversals  in  the  activity  of  the 
front  flippers  occur  with  such  regularity  and  quickness  as  to  give 
one  the  impression  of  machine-like  response.    If  the  turtle  is 
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held  ventral  side  up,  righting  reactions,  such  as  have  already 
been  described,  are  quickly  assumed,  but  they  are  of  double 
character  in  that  for  a  brief  time  the  righting  strokes  are  made  by 
the  front  flipper  of  one  side  and  then  by  that  of  the  other  side. 
Thus  an  alternation  of  activity  goes  on  first  on  one  side  then  on 


Fig.  1  Fig.  2 

Fig.  1.  Dorsal  View  of  a  Young  Loggerhead  Turtle  in  a  Horizontal 

Position,  Resting  Pose 

About  natural  size 

Fig.  2.  Ventral  View  of  a  Young  Loggerhead  Turtle  With  the  Left 

Side  Down 
The  righting  movement  is  being  carried  out  by  the  left  anterior  flipper.    About 
natural  size. 

the  other.  The  fact  that  all  these  locomotor  responses,  including 
righting,  are  carried  out  with  great  regularity  and  completeness 
by  young  turtles  inmiediately  on  hatching  shows  at  once  that 
they  are  unquestionably  instinctive  in  character. 

If  this  is  so,  it  is  reasonable  to  ask  through  what  sensory  chan- 
nels are  they  excited.     The  organs  which  from  this  standpoint 
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are  most  likely  to  be  concerned  are  the  cutaneous  organs  of 
touch,  the  eye,  and  the  ear.  The  fact  that  while  the  turtle  is 
supported  in  the  air  between  the  fingers  of  the  experimenter,  a 
simple  movement  which  will  put  it  now  sidewise,  now  ventral 
side  up  and  so  on  is  sufficient  to  call  forth  a  complete  and  charac- 
teristic change  in  its  type  of  locomotion  shows  that  touch, 
which  must  remain  essentially  constant  in  all  these  shifts,  has 
little  or  nothing  to  do  with  the  instinctive  excitations. 

If  a  band  of  thin  black  silk  is  tied  around  the  head  of  a  young 
turtle  so  as  to  close  its  eyes,  all  the  characteristic  locomotor 
responses  occur  on  changing  the  position  of  its  body  as  they  do 
when  the  eyes  are  open.  This  experiment  leads  to  the  conclusion 
that  the  eyes  are  not  essential  to  these  movements,  a  conclusion 
supported  by  the  observation  that  the  movements  occur  with 
perfect  precision  when  the  turtle  is  held  and  turned  in  a  com- 
pletely dark  room.  This  was  tested  in  a  photographic  dark- 
room where  a  young  turtle  was  held  in  various  positions  in  one 
hand  and  its  locomotor  movements  for  each  given  position  were 
judged  by  touch  with  the  other  hand. 

It  is  clear  from  these  observations  that  neither  touch  nor 
sight  is  essential  to  the  locomotor  movements  of  the  turtle. 
Hence  the  internal  ear  remains  as  the  hkely  organ.  By  means  of 
a  very  narrow  knife-blade  the  internal  ear  of  the  young  loggerhead 
turtle  can  be  destroyed  through  a  small  aperture  in  the  head  of 
the  animal.     After  this  operation  had  been  carried  out  on  three  | 

such  animals,  it  was  found  that  the  types  of  swimming  and  right-  I 

ing  movements  already  described  were  completely  disorganized 
so  far  as  their  relation  to  position  was  concerned.  When  placed 
in  an  aquarium  the  operated  turtles  commonly  exhibited  violent 
rotary  movements,  in  reality  a  continuous  righting  movement 
which  did  not  cease  when  the  animal  reached  a  horizontal  posi- 
tion. Such  an  animal  could  be  held  sidewise  without  exciting  a 
righting  reaction  and  irregular  righting  movements  were  carried 
out  at  times  when  the  animal  was  in  a  balanced  position.  In 
consequence  of  these  observations  I  conclude  that  in  the  young 
loggerhead  turtle  normal  position  and  the  types  of  locomotion 
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concerned  with  maintaining  it  are  dependent  for  their  sensory 
impulses  upon  the  ear  rather  than  upon  the  eye  or  the  organs  of 
touch. 
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THE  EFFECTS  OF  CIGAR  AND  CIGARETTE  SMOKING 

ON  CERTAIN  PSYCHOLOGICAL  AND 

PHYSIOLOGICAL  FUNCTIONS^ 

ROBERT  LEE  BATES 
From  the  Psychological  Ldboraiory  of  the  Johns  Hopkins  University 

n.  BLOOD  FBESSURB  AND  HJBABT  RATE2 

Attempts  have  been  made  by  several  investigators  to  measure 
the  effects  of  tobacco  smoking  upon  systolic  and  diastolic  pres- 
sure. In  such  investigations,  the  nmnber  of  measurements  are 
usually  too  small  to  give  reliable  results,  in  some  cases  a  single 
determination  of  systolic  pressure  being  made  before  smoking, 
and  a  single  determination  after  smoking.  Consideration  of  the 
various  causes  which  operate  in  establishing  and  vajying  blood 
pressure  indicates  that  such  investigations  are  unreliable,  and 
that  although  the  conclusions  might  in  some  cases  be  true,  the 
evidence  does  not  warrant  them. 

As  has  been  already  pointed  out  by  Carver,^  the  method 
of  investigation  of  blood  pressure  changes  developed  by  Dunlap 
and  Bagby,  and  subsequently  used  in  the  physiolo^cal  branch 
of  the  Air  Medical  Service,  is  quite  applicable  to  problems  such 
as  those  of  tobacco  smoking.  This  method  consists  in  making  a 
reading,  with  a  clinical  sphygmomanometer,  every  two  or  three 
minutes,  over  a  prolonged  interval.  A  well  trained  examiner 
may  readily  make  sufficiently  acc\u*ate  readings  of  both  systolic 
and  diastolic  pressure  every  two  minutes,  and  in  the  intervening 
periods,  may  make  counts  of  heart  rate.  In  this  procedure,  a 
blood-pressure  reading  is  commenced  on  the  first,  third,  fifth 
and  so  on,  minutes.  The  systolic  and  diastolic  pressures  are 
determined  in  from  thirty  to  forty  seconds,  and  the  arm  bandage 

1  The  first  mfitallment  of  this  contribution  appeared  in  the  October,  1022,  num- 
ber of  this  Journal. 

*  Journal  of  Comparative  Psychology,  vol.  II,  no.  4,  pp.  279-302. 
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is  then  immediately  deflated,  and  remains  deflated  imtil  the 
beginning  of  the  next  reading.  In  this  way,  no  deleterious 
effect  on  the  circulatory  system  is  produced,  as  would  be  the 
case  if  the  bandage  were  kept  continuously  inflated.  The 
bandage  is  easily  kept  in  place  throughout  the  test,  even  for 
several  hours,  so  that  no  time  is  lost  in  adjustment. 

This  method  seems  as  close  an  approximation  to  the  method 
commonly  employed  in  recording  the  blood  pressure  of  dogs  and 
other  animals,  as  can  be  made  on  the  human  reactor.  In  this 
way,  the  courses  of  the  systolic  and  diastolic  pressures  are  followed 
and  both  the  general  levels  and  fluctuations  are  observed.  If 
only  a  few  observations  are  made,  it  is  not  known  whether  the 
measurements  obtained  represent  the  general  level,  or  fluctuations 
due  to  various  causes — such  fluctuations  as  are  the  rule  rather 
than  the  exception — or  unusual  levels  due  to  preceding  conditions. 

In  the  work  here  reported,  the  pressure  determinations  were 
made  every  three  minutes,  instead  of  every  two,  for  reasons  which 
will  appear  later.  It  is  probable  that  for  experimental  work 
of  this  kind  the  three-minute  system  is  quite  adequate,  although 
in  cases  where  the  patient  is  being  subjected  to  adverse  conditions, 
such  as  asphyxiation,  and  the  piupose  of  the  blood  pressure 
readings  is  to  protect  him  from  syncope,  the  two-minute  readings 
afford  a  greater  measure  of  safety. 

Six  reactors  were  employed  in  these  tests,  all  being  students 
in  the  Johns  Hopkins  University.'  All  but  one  were  men. 
Each  reactor  came  to  the  laboratory,  on  the  average  of  twice  a 
week,  such  time  or  hours  being  arranged  as  would  not  conflict 
with  the  class  schedules.  Upon  reaching  the  laboratory,  the 
reactor  was  comfortably  seated  in  a  semi-reclining  position  in  a 

*  The  daily  records  of  sleep  and  activities  of  the  reactors  are  not  presented  here. 
Such  records  are  highly  important,  if  they  are  not  only  accurate  but  comprehen- 
sive. The  records  presented  in  tables  1-19,  part  I,  of  this  report,  are  merely 
outlines  of  what  ought  to  be  obtained,  and  without  which  work  of  this  character 
can  not  be  considered  to  be  really  complete.  Satisfactory  records  of  the  daily 
life  of  reactors  are,  however,  manifestly  imattainable  unless  the  reactors  are  kept 
under  controlled  living  conditions  and  practically  under  continuous  observation; 
ftnd  this  is  possible  only  with  provision  and  expenditure  which  are  beyond  the 
reach  of  the  experimenter  under  usual  conditions. 
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regulation  barber^s  chair  (fig- 17).  It  was  in  this  position  that  all 
blood  pressure  and  heart  rate  readings  were  made.  Twenty  to 
twenty-five  minutes  of  rest  in  the  chair  were  allowed  each  subject 
before  tests  were  begun.  This  was  done  to  minimize  such  effects 
as  might  result  from  the  exertion  of  coming  to  the  laboratory,  or 
of  other  recent  activity.  During  the  rest-period  and  thereafter 
until  the  conclusion  of  the  test,  the  reactor  did  nothing  except 
engage  in  commonplace  conversation  with  the  examiner.  This 
was  considered  desirable  in  that  the  reading  of  books,  articles, 
or  other  literature  might  vary  the  emotional  tension,  while  the 
attempt  to  have  the  reactor  "do  nothing'*  during  both  rest- 
period  and  test-period  gives  no  reUable  control.  By  conversing, 
the  examiner  could  control  the  reactor's  conversation,  and  there- 
fore, to  some  extent,  his  thoughts. 

At  the  expiration  of  the  rest  period,  blood  pressure  and  heart 
rate  readings  were  taken  every  three  minutes  with  the  omission 
of  the  ninth  and  the  twentieth  times,  in  which  a  free  association 
test  was  conducted.  The  details  of  this  will  be  described  later 
(part  III).  Approximately  two  hours  elapsed  from  the  time  the 
reactor  reached  the  laboratory  imtil  he  left  the  chair. 

All  blood  pressure  readings  were  made  from  the  left  arm  with 
the  exception  of  reactor  10.  The  right  arm  was  used  in  this 
instance  because  the  index  of  systolic  pressure  in  this  reactor 
was  more  definite  in  the  right  arm.  The  method  of  taking  blood 
pressure  in  these  tests  was  the  usual  one,  approximately  as 
described  in  the  manual  published  for  the  Taylor  Instrument 
Company  to  accompany  their  instrument  known  as  the  "Tycos" 
sphygmomanometer.  The  auscultation  method  was  employed, 
and  readings  were  made  according  to  the  "silence  to  silence" 
criterion,  the  fifth  phase  or  "disappearance  of  all  soimd"  being 
regarded  as  the  diastolic  index. 

While  this  method  is  not  recommended  for  clinical  purposes, 
it  is  obviously  the  best  for  experimental  work  of  this  character, 
because  it  is  more  objective.  If  the  usual  criterion  for  the  dias- 
tolic pressure  is  used  by  one  examiner,  he  will  obtain  results 
slightly  different  from  those  obtained  by  other  examiners,  unless 
all  are  trained  together  with  the  multiple-tube  stethoscope. 
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The  method  employed  gives  resiilts  which  would  have  been 
obtained  by  any  competent  examiner,  with  acute  hearing,  using 
the  same  method.  Hie  diastolic  readings  are  all  slightly  lower 
than  the  average  reading  which  might  have  been  obtained  by 
the  other  method,  but  since  the  relative,  and  not  the  absolute, 
measurements  are  important  in  this  work,  this  is  of  no  conse- 
quence. The  greater  objectivity  and  reliability  of  the  method 
employed  is  important,  however. 

In  estimating  the  heart  rate,  a  count  was  made  for  fifteen 
seconds,  and  the  result  multiplied  by  four,  to  give  rate  per  minute. 
No  attempt  was  madie  to  observe  the  character  of  the  heart 
action. 

The  room  temperature  was  kept  fairly  constant,  the  average 
being  70*^  for  all  subjects  except  reactor  2,  for  whom  it  was  69®, 
on  account  of  the  fact  that  the  reactor  came  early  in  the  morning. 
The  temperature  fluctuations  did  not  exceed  3*^  above  or  below 
these  averages  in  any  case. 

In  each  test,  the  reactor  smoked  one  cigar  or  three  cigarettes, 
commencing  immediately  after  the  twelfth  blood  pressure 
had  been  taken.  As  it  was  impossible  to  control  the  rate  of  smok- 
ing, without  the  introduction  of  psychological  factors  which 
might  influence  the  blood  pressure,  the  reactor  was  allowed  to 
smoke  until  he  had  finished  the  cigar  or  the  three  cigarettes,  as 
far  as  they  could  conveniently  be  smoked.  No  reactor  at  any 
time  finished  smoking  before  the  nineteenth  time-point,  and  no 
one  smoked  at  any  time  beyond  the  twenty-sixth  time-point. 
The  time  of  cessation  of  smoking  was  recorded  in  each  case.  The 
stubs  of  the  cigars  and  cigarettes  were  measured,  and  the  ap- 
proximate amoimt  of  each  burned  estimated  by  the  method 
described  in  the  first  part  of  the  report.  The  amounts  consinned 
by  each  reactor  in  each  day  are  given  in  table  20.  The  test 
continued  for  ten  days  with  each  reactor. 

The  procedure  in  the  tests  may  be  summarized  as  follows: 

1.  Arrival  at  the  laboratory,  20  minutes  rest  in  the  chair. 

2.  Commencement  of  the  blood  pressure  routine  measure- 
ments: readings  every  three  minutes  until  8  readings  had  been 
taken  (24  minutes). 
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3.  Free  association  test,  in  place  of  the  ninth  reading  (3 
minutes). 

4.  Continuation  of  the  blood  pressure  routine  for  three  more 
leadings  (9  minutes). 

5.  Smoking  commenced,  cigar  or  cigarettes,  and  continued 
until  one  cigar  or  three  cigarettes  were  consumed. 

6.  Fourteen  more  blood  pressiure  readings  taken  (42 
minutes). 

7.  Second  free  association  test,  in  place  of  the  twenty-seventh 
reading  (3  minutes). 

8.  Three  more  blood  pressure  readings  (9  minutes). 

Total  duration,  1  hour,  50  minutes:  of  blood  pressure  record,  1 
hour,  30  minutes. 

On  two  days  of  reactor  2,  this  procedure  was  not  quite  com- 
pleted. On  several  days  with  different  reactors,  one  or  two 
extra  readings  were  taken  at  the  end  of  the  period.  The  avenges, 
however,  are  made  for  thirty  readings  only.  In  the  case  of 
reactor  10,  unfortunately,  the  second  free  association  test  was 
on  four  days  given  at  the  twenty-eighth  period  instead  of  the 
twenty-seventh,  which  makes  the  average  for  both  the  twenty- 
seventh  and  twenty-eighth  periods  with  this  reactor  unimportant. 

The  daily  readings  for  each  of  the  reactors  are  given  in  tables 
21  to  26  inclusive.  In  each  table  the  first  column  gives  the  actual 
time  of  day  at  which  the  three  minute  periods  began.  The 
second  column  gives  the  systolic  pressure  in  millimeters  of  mercury ; 
the  third  column  gives  the  diastoUc  pressure;  the  fourth  colimm 
gives  the  pulse-pressure,  i.e.,  the  difference  between  the  systolic 
and  diastolic;  and  the  fifth  column  ^ves  the  heart  rate  in  beats 
per  minute.  In  each  case  the  heart  rate  was  taken  immediately 
after  the  systolic  and  diastolic  readings.  The  blood  pressure 
readings  were  made  within  the  interval  of  a  minute  following  the 
period  for  which  the  time  is  indicated:  the  pulse  rate  within 
the  period  of  a  minute  and  a  half. 

Certain  uniform  tendencies  are  discoverable  in  the  results  of 
the  six  subjects,  and  to  make  these  tendencies  more  apparent, 
tables  27  to  32  inclusive,  and  figures  10  to  15  inclusive  were 
prepared.  In  these  tables  are  given  the  averajre  readings  of  blood 
pressure  and  heart  rate  for  each  reactor  for  all  ten  days. 
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In  these  tables,  for  each  subject,  the  first  column  presents,  m 
order,  the  averages  of  the  first  reading  on  each  of  the  ten  days, 
the  averages  of  the  second  reading,  the  averages  of  the  third 
reading,  and  so  on.  Similar  averages  for  diastohc  and  pulse 
pressure,  and  for  the  heart  rate  are  given.  These  averages  are 
plotted  for  each  reactor  in  figures  10  to  15.  The  blood  pressure 
readings  are  plotted  in  each  case  in  millimeters  of  mercury,  and 
the  heart  rate  in  beats  per  minute,  the  numerical  values  being 
indicated  at  the  left  of  the  charts.  The  gaps  at  A  and  B  are 
the  periods  of  the  free  association  tests.  The  plus  mark  in- 
dicates the  beginning  of  smoking,  and  the  short  vertical  line 
the  limits  within  which  smoking  ceased  on  the  several  days. 

In  every  case,  the  systolic  and  diastolic  pressures  and  the  heart 
rates  show  an  upward  tendency  shortly  after  the  beginning  of 
smoking,  with  a  retiun  towards  "normal"  with  the  cessation  of 
smoking.  The  pulse  presswes,  indicated  in  the  diagram  by  the 
difference  between  the  systolic  and  diastolic  graphs,  are  less 
uniform.  The  average  rise  is  small  in  each  case,  but  the  uni- 
formity might  be  significant. 

The  significance  of  variation  in  average  readings,  such  as  are 
presented  in  tables  27  to  32,  and  figures  10  to  15  can  not  in  any 
case  be  determined  from  the  averages  alone.  Nothing  could  be 
more  fallacious  than  the  assumption  from  these  tables  and  dia- 
grams alone,  of  a  real  and  important  effect  of  tobacco  smoking 
upon  blood  pressure  and  heart  rate.  Not  only  the  importance, 
but  even  the  actuality  of  such  an  effect,  must  be  determined  by 
a  further  study  of  the  detailed  data.  An  average  has  only 
mathematical  significance  in  any  case  until  further  significance 
has  been  demonstrated.  Not  only  may  averages,  when  taken 
alone,  fail  to  show  tendencies  which  are  actually  shown  clearly 
in  the  data  averaged,  but  in  certain  historical  cases,  tendencies 
apparently  shown  by  averages  have  been  completely  absent  from 
the  data  from  which  the  averages  were  drawn. 

In  many  cases  the  mean  variation  (average  deviation)  of  aver- 
ages furnishes  accessory  data  which  indicate  the  significance 
of  the  averages.  In  the  case  xmder  consideration,  this  mean 
variation  would  be  misleading,  as  will  be  pointed  out  below. 
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The  methods  of  studying  the  detailed  data  are  exemplified 
in  figure  16.  In  this  figure,  the  daily  systolic  readings  of  reactor 
2  are  plotted  on  the  same  axes:  or  rather,  since  the  ten  curves 
when  superposed  are  not  easily  traceable  unless  colors  are  used, 
the  values  are  plotted  in  two  groups,  the  reading  for  the  first 
five  days  in  the  first  group,  and  the  reading  for  the  second  five 
days  in  the  second  group.  The  axes  are,  however,  the  same  in 
the  two  groups. 

From  a  study  of  the  systolic  pressure  readings  of  reactor  2, 
as  given  in  table  21  or  figure  16,  several  things  are  clear.  First, 
there  is  great  daily  variation,  in  magnitude  much  greater  than 
the  maximal  variation  in  the  average  readings  of  table  27  and  figure 
10.  Second,  in  spite  of  these  fluctuations,  the  tendency  of  the 
averages  (table  27  and  figure  10),  is  actually  present  in  the  meas- 
urements of  days  3,  4,  6,  7,  8,  9,  and  10,  and  there  is  nothing  in 
the  data  of  the  other  three  days  to  indicate  that  the  same  tend- 
ency may  not  be  present,  but  masked  by  the  fluctuations  due  to 
other  causes.  Third,  the  temporal  variations  in  these  assumed 
tendencies,  and  the  different  average  value  of  the  pressure  from 
day  to  day,  make  the  mean  variation  which  might  be  computed 
for  each  average  of  tables  27  to  32  of  no  significance. 

The  study  of  the  data  of  tables  21  to  26  in  detail  is  a  tedious 
matter,  and  the  presentation  of  the  one  hundred  and  eighty 
curves  is  not  possible.  The  reader  may  either  accept  the 
author's  conclusion  that  in  the  case  of  each  of  the  six  reactors 
the  general  tendency  shown  in  figures  27  to  32  is  actually  present, 
and  that  these  figures,  while  not  demonstrating  the  tendency, 
nevertheless  illustrate  it:  or  he  may  check  up  the  conclusion  from 
the  data  of  tables  21  to  26. 

The  unportance  of  the  apparent  general  effect  of  tobacco 
smoking  upon  blood  pressure  and  heart  rate,  is  a  matter  requiring 
separate  consideration.  Admitting  the  occurrence  of  a  cardio- 
vascular adjustment  occasioned  by  smoking,  we  must  compare 
it  with  cardio-vascular  adjustments,  due  to  other  causes  which, 
as  is  clearly  shown  by  figure  16  and  by  the  tables,  are  going  on 
concurrently.  Although  the  effects  of  smoking  apparently 
vary  from  day  to  day,  they  are  not  in  general  as  large  as  those 
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due  to  the  other  causes,  and,  manifestly,  other  causes  must  be  at 
work  to  produce  the  apparent  difference  in  the  smokii^  effects, 
either  by  actually  modifying  the  tobacco  effect,  or  by  an  ad- 
dition or  subtraction  of  effects. 

The  variable  causes  at  work  are  presumably  of  two  sorts; 
(a)  ''physiological,"  that  is:  variation  in  bodily  metabolism  due  to 
the  state  of  health,  digestion,  etc.,  (b)  "psychological,''  that  is: 
variation  in  the  stimulation  from  the  environment  and  the 
consequent  perceptual,  ideational  and  emotional  reactions. 
While  the  causes  of  the  first  class  may  account  in  part  for  the 
average  daily  levels,  and  may  modify  the  effects  of  smoking, 
and  of  the  psychological  factors,  the  latter  are  probably  the 
most  important  in  these  cases. 

It  may  be  assimaed  that  some  of  the  irregular  variations  were 
due  to  the  fact  that  the  reactor  was  not  kept  in  absolute  quiet, 
but  that  conversation  was  allowed,  controlled  by  the  experi- 
menter. While  the  actual  fluctuations  are  undoubtedly  affected 
by  the  conversation,  through  the  intellectual  and  emotional 
activities  introduced,  the  fluctuations  are  no  greater  than  are 
obtained  under  conditions  where  speech  is  not  allowed.  In- 
vestigations in  this  laboratory  have  shown  that  under  the  latter 
conditions,  the  irregular  fluctuations  are  just  as  large  as  in  the 
present  data.  Furthermore,  when  the  reactor  is  kept  in  abso- 
lute quiet,  the  psychological  conditions  are  actually  more  variable, 
varying  from  sonmolence  to  intense  ideational  activity.  The 
conditions  under  which  these  records  were  taken  may,  therefore, 
fairly  be  claimed  to  be  the  more  "normal,"  although  it  is  highly 
desirable  that  the  effects  of  smoking,  during  periods  of  drowsi- 
ness, periods  of  sustained  emotional  excitement,  and  periods  of 
mental  and  physical  work,  should  later  be  investigated. 

The  irregular  fluctuations  in  blood  pressure  from  moment  to 
moment  under  the  ordinary  conditions  of  experiment,  shown 
clearly  in  tables  21  to  26,  and  in  figure  16,  explain  the  futility  of 
the  attempts  to  do  experimental  work  with  isolated  or  occasional 
readings.  A  single  blood  pressure  reading  before  commencing 
to  smoke,  and  a  second  reading  a  fixed  niunber  of  minutes  later, 
may  show  a  rise  in  some  subjects  and  a  fall  in  others,  although 
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all  may  really  react  in  the  same  general  way.  In  working  with 
untrained  reactors,  to  whom  the  mere  technique  of  the  readings 
may  be  exciting,  artifactual  results  may  readily  be  obtained. 
It  is  probable,  in  the  light  of  these  records,  and  others  obtained 
by  the  same  method  of  prolonged  series  of  readings,  that  the  ap- 
plication of  this  method  to  other  problems,  especially  to  the 
problems  of  fatigue  and  work,  and  to  the  problem  of  the  cyclic 
sexual  variation  in  women,  not  only  will  give  reliable  results 
where  none  are  obtainable  by  the  method  of  occasional  read- 
ings, but  will  also  reveal  unsuspected  features  of  cardio-vascular 
adjustment.  . 

The  immediate  rise  in  blood  pressure  and  in  heart  rate  produced  | 
by  smoking  is  not  so  far  shown  to  be  due  to  the  absorbed  smoke- 
products.  The  psychological  activities  involved  in  the  smoking 
process  are  without  doubt  important.  We  do  not  yet  know,  for 
example,  what  general  effect  upon  blood  pressure  would  be 
produced  if  the  reactor,  previously  imoccupied,  were  caused  to 
cut  out  paper-doUs  for  a  period  of  time  comparable  to  that  oc- 
cupied by  smoking  in  these  tests.  In  fact,  we  have  little  sys- 
tematic knowledge  of  the  relation  of  blood  pressure  changes  to 
psychological  processes,  and  although  the  obtaining  of  this 
knowledge  by  the  general  procedure  used  in  this  research  is 
quite  possible,  it  involves  an  enormous  amount  of  time  and  labor, 
and  needs  a  provision  of  funds  quite  beyond  those  we  are  able  to 
obtain  at  present. 

It  was  thought  possible  to  obtdn  some  check  on  the  psycholog- 
ical factor  by  causing  reactors  to  go  through  the  smoking  process 
without  obtaining  the  usual  tobacco  products.  Experiments 
with  ''denatured"  tobacco  showed  at  once  that  reactors  with  even 
a  slight  acquaintance  with  tobacco  immediately  detected  the 
fraud,  and  the  possibility  of  substituting  warm  air  for  smoke^ 
with  reactors  of  the  grade  of  intelligence  we  used,  is  clearly  zero* 
These  methods  of  control  were  therefore  not  undertaken* 

The  results  of  this  part  of  the  investigation  may  be  summarized 
as  follows: 

The  effects,  on  healthy  young  adult  reactors,  of  smoking 
a  cigar  or  three  cigarettes,  are  to  produce  a  rise  in  systolic  and 


Digitized  by 


Google 


440  BOBEBT  LES  BATES 

diastolic  blood  pressure,  and  in  heart  rate.  This  rise  varies  in 
amount  and  in  rapidity,  from  reactor  to  reactor,  and  from  day  to 
day  for  the  same  reactor.  The  rises  in  blood  pressure  usually 
amount  to  but  a  few  millimeters,  above  the  previous  average 
level,  and  are  in  almost  all  cases  less  than  ten,  but  may  in  some 
cases  be  over  twenty  millimeters.  The  rise  in  heart  rate  is 
irregular;  less  than  ten  per  second  in  most  cases,  but  may  be  as 
much  as  twenty.  The  normal  irregular  variations  in  blood 
pressure,  due  to  various  causes,  are  practically  as  great  as  the 
variations  which  may  be  ascribed  to  tobacco,  but  the  normal 
variations  in  heart  rate  are  less  significant  than  the  tobacco 
eflFects. 

The  blood  pressures  and  heart  rate  subside  to  "normal"  in 
from  twenty  to  thirty  minutes.  In  some  cases  this  subsidence 
occurs  before  the  finishing  of  the  cigar  or  cigarettes:  in  other 
cases,  the  decline  does  not  appear,  and  the  rise  may  even  be  con- 
tinued, for  some  minutes  after  the  cessation  of  smoking.  In 
other  cases,  the  cessation  of  smoking  is  marked  by  an  inmiediate 
decline  in  blood  pressures  and  heart  rate.  While  it  seems  probable 
that  the  time  elapsing  after  the  beginning  of  smoking  is  a  more 
important  factor  than  the  discontinuance,  this  can  not  be  clearly 
made  out  from  the  records  so  far  obtained. 

How  far  this  effect  is  due  to  absorbed  smoke-products,  and  how 
much  to  the  psychological  factors  involved  in  the  smoking 
process,  remains  to  be  discovered.  Provision  for  extensive 
psychological  work  on  blood  pressure  is  urgently  needed. 
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TABLE  30 

Smoking  achedtUes  of  re<ictor9,  indicating  grams  of  tobacco  consumed  for 

each  day*s  test 


January  10 

2.489 

January  11 

2.178 

January  12, ...,,.,, . 

January  13. 

January  14. ......  r . 

January  15 ,   .   . ,  r  r 

January  17 

2.697 

January  IR. ........ . 

2.437 

January  19 

Januai'y  20 

January  22 

January  24 

2.697 

January  25 

2.641 

January  20. , 

February    2 

February   7 

2.541 

February   8 

2.489 

February   9 

February  10 

February  11 

February  12 

February  14 

2.437 

Feburary  15 

2.437 

February  16 

February  17 

February  18 

February  19 

February  21 

February  23 

February  24 

February  25 

February  26 

March     1 

March     2 

March    .3 

March     6 

March     8 

March     9 

Cigarettes 


2 
Cigan 


3.586 
4.466 


4.817 
5.168 

4.114 

4.466 

4.817 
4.817 

4.992 
4.466 


3 
Cigan 


4.114 


4.114 
4.114 


3.763 
3.412 

3.588 
3.763 

4.466 

3.939 
3.763 


4  6  « 

Cigarettes       Cigan       Cigarettes 


2.437 
2.489 


2.489 


2.489 
2.489 
2.385 

2.282 
2.489 
2.385 


4.114 


3.763 


4.114 


4.466 


4.817 
4.114 
4.114 


4.817 

4.817 
4.466 


2.437 
2.489 
2.541 

2.541 
2.645 


2.593 
2.593 


2.645 


2.489 
2.541 
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TABLE  31A 

Reiidar  B,  first  day,  Janwiry  10,  19B1 

Blood  pressure,  heart  rate,  duration  of  smoking  period  and  interval  for  free 

association  test 


BLOOD  rSMBUXB 

A.M.  HOUB 

HCAS7RATB 

Syvtolio 

DiastoUo 

PulaepreiBuxe 

9:17 

102 

60 

42 

72 

9:20 

104 

60 

44 

68 

9:23 

106 

62 

44 

68 

9:26 

98 

62 

36 

64 

9:29 

98 

62 

36 

64 

9:32 

100 

60 

40 

66 

Free  association  test 

9:42 

100 

62 

38 

64 

9:45 

102 

62 

40 

64 

9:47 

102 

62 

40 

68 

Beg 

an  smoking  at  9:48 

9:60 

104 

62 

42 

64 

9:53 

98 

64 

34 

64 

9:56 

98 

64 

34 

60 

9:59 

102 

62 

40 

64 

10:02 

104 

64 

40 

64 

10:05 

104 

64 

40 

64 

Ceai 

9ed  smoking  at  10:07 

10:08 

104 

62 

42 

64 

10:11 

102 

62 

40 

66 

10:14 

104 

64 

40 

68 

10:17 

106 

68 

38 

60 

Fr 

ee  association  test 

TABLE  21B 
Second  day,  January  11,  19B1 


8:55 

112 

68 

44 

72 

8:58 

110 

64 

46 

72 

9:01 

110 

64 

46 

72 

9:03 

110 

62 

48 

72 

9:06 

106 

62 

44 

68 

9:09 

104 

62 

42 

68 

9:12 

108 

62 

46 

68 

9:15 

106 

62 

44 

•  68 

9:18 

Fi 

ee  association  t< 

BSt 

9:21 

108 

62 

46 

68 

9:24 

104 

62 

42 

68 

9:27 

108 

62 

46 

68 
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Google 
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TABLE  aiB-~C<Mi<tmMd 


BLOOD  ntaSBUBB 

▲.  M.  Bonx 

■H4STB4n 

Systolio 

Diartolio 

Pubepreanira 



Began  smoking  at  9 

:28 

9:30 

108 

62 

46 

64 

9:33 

96 

60 

36 

64 

9:36 

96 

62 

34 

72 

0:39 

100 

62 

38 

66 

9:42 

102 

62 

40 

64 

9:45 

104 

62 

42 

64 

9:48 

104 

64 

40 

76 

9:61 

106 

66 

40 

72 

9:64 

102 

62 

40 

76 

Cea 

sed  smoking  at  $ 

):56 

9:67 

98 

64 

34 

64 

10:00 

104 

62 

42 

60 

10:03 

104 

62 

42 

64 

10:06 

106 

62 

44 

64 

10:09 

106 

62 

44 

64 

10:12 

Fr 

ee  association  tc 

MSt 

10:15 

108 

64 

44 

64 

10:18 

100 

62 

38 

72 

TABLE  21C 
Reactor  B,  third  day,  January  17, 19B1 


8:55 

106 

60 

46 

68 

8:58 

108 

60 

48 

68 

9:01 

110 

60 

50 

68 

9:03 

110 

60 

50 

68 

9:06 

110 

60 

50 

64 

9:09 

106 

60 

46 

68 

9:12 

108 

60 

48 

64 

9:15 

108 

60 

48 

64 

9:18 

Fre 

e  association  tei 

St 

9:21 

108 

58 

50 

68 

9:24 

106 

60 

46 

68 

9:27 

106 

Begs 

60 
m  smoking  at  9 

46 
:28 

64 

9:30 

108 

60 

48 

60 

9:33 

108 

62 

46 

64 

9:36 

106 

60 

46 

64 

9:39 

108 

62 

46 

60 

9:42 

106 

62 

44 

60 

9:45 

110 

64 

46 

68 
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BOBERT  LEE  BAISS 


TABLE  2lO-CmHniud 


BLOOD  PBSBSDBa 

A.  M.  HODB 

HKABTXAn 

SyitoUc 

DiartoUc 

Pulaepreasore 

9:48 

108 

62 

46 

64 

9:51 

106 

62 

44 

66 

9:54 

108 

62 

46 

64 

9:57 

108 

60 

48 

64 

Ceased  smoking  at  9:59 

10:00 

110 

64 

46 

64 

10:03 

110 

66 

44 

66 

10:06 

110 

64 

46 

68 

10:09 

110 

64 

46 

64 

10:12 

Free  association  test 

10:15 

112 

66 

46 

68 

10:18 

110 

'     66 

44 

64 

10:21 

112 

68 

44 

68 

10:24 

110 

66 

44 

64 

10:27 

108 

66 

42 

62 

TABLE  21D 
Reactor  t,  fourth  day,  January  18,  19tl 


8:54 

106 

62 

44 

64 

8:57 

106 

60 

46 

68 

9:00 

108 

62 

46 

68 

9:03 

110 

62 

48 

64 

9:06 

108 

64 

44 

68 

9:09 

108 

60 

48 

64 

9:12 

106 

64 

42 

68 

9:15 

104 

60 

44 

68 

9:18 

Free  association  tei 

9t 

9:21 

106 

58 

48 

68 

9:24 

108 

62 

46 

70 

9:27 

106 

62 

44 

68 

Began  smoking  at  9 

:28 

9:30 

102 

62 

40 

68 

9:33 

104 

62 

42 

68 

9:36 

106 

62 

44 

64 

9:39 

102 

62 

40 

68 

9:42 

106 

62 

44 

68 

9:45 

106 

62 

44 

68 

9:48 

110 

66 

44 

70 

9:51 

106 

62 

44 

72 

9:54 

110 

68 

42 

74 

9:57 

106 

64 

42 

68 

Ceased  smoking  at  9 

:68 
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TABLE  2lD-Con/tntt«rf 


A.  M.  HOUB 

HBABTRATB 

SystoUc 

DiastoUo 

Pulse  ];>re88ur6 

10:00 

108 

66 

42 

68 

10:03 

104 

64 

40 

68 

10:06 

104 

64 

40 

64 

10:09 

102 

64 

38 

68 

10:12 

Free  association  test 

10:15 

106 

64 

42 

68 

10:18 

106 

68 

38 

66 

10:21 

108 

68 

40 

64 

TABLE  21B 
Reactor  H,  fifth  day,  January  B4,  19$1 


8:54 

102 

60 

42 

64 

8:57 

108 

68 

40 

68 

9:00 

106 

66 

40 

64 

9:03 

110 

68 

42 

64 

9:06 

104 

64 

40 

64 

9:09 

108 

66 

42 

60 

9:12 

104 

66 

38 

60 

9:15 

106 

66 

40 

60 

9:18 

Free  association  test 

9:21 

106 

68 

38 

62 

9:24 

110 

70 

40 

60 

9:27 

106 

66 

40 

60 

Began  smoking  at  9:28 

9:30 

106 

68 

38 

68 

9:33 

110 

70 

40 

68 

9:36 

106 

70 

36 

64 

9:39 

110 

70 

40 

60 

9:42 

102 

70 

32 

64 

9:45 

106 

72 

34 

62 

9:48 

106 

74 

32 

64 

9:51 

110 

72 

38 

60 

9:54 

106 

72 

34 

64 

9:57 

110 

74 

36 

e4 

Discontinued  smoking  at  9:58 

10:00 

112 

74 

3d 

62 

10:03 

110 

72 

38 

62 

10:06 

106 

74 

32 

60 

10:09 

104 

74 

30 

62 

10:12 

Free  association  test 

10:15 

110 

80 

30 

60 

10:18 

108 

70 

38 

64 

10:21 

108 

70 

38 

56 

10:24 

108 

70 

38 

60 
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BOBEBT  LB£  BATGS 


TABLE  21F 
Reactor  t,  sixth  day,  January  US,  19tl 


BLOOD  PBOBUBX 

AM.  HOUB 

HXABTRAZB 

BystoUo 

Diastolio 

Pulse  pTMBun 

8:54 

108 

70 

38 

68 

8:67 

108 

70 

38 

72 

9:00 

108 

70 

38 

70 

9:03 

108 

64 

44 

68 

9:06 

100 

64 

36 

68 

9:09 

102 

66 

36 

70 

9:12 

104 

66 

38 

70 

9:15 

100 

64 

36 

68 

9:18 

Free  association  test 

9:21 

102 

66 

36 

60 

9:24 

106 

68 

38 

62 

9:27 

108 

68 

40 

64 

Began  smoking  at  9:28 

9:30 

104 

68 

36 

64 

9:33 

104 

68 

36 

64 

9:36 

104 

70 

34 

68 

9:39 

106 

66 

40 

72 

9:42 

108 

66 

42 

68 

9:45 

104 

66 

36 

68 

9:48 

108 

70 

38 

72 

9:51 

106 

68 

38 

72 

Discontinued  smoking  at  9:52 

9:54 

108 

68 

40 

68 

9:57 

106 

68 

38 

64 

10:00 

104 

70 

34 

64 

10:03 

100 

70 

30 

64 

10:06 

100 

70 

30 

64 

10:09 

106 

70 

36 

60 

10:12 

Free  association  test 

10:15 

102 

66 

36 

64 

10:18 

100 

70 

30 

56 

10:21 

104 

70 

34 

60 

TABLE  21Q 
Reactor  B,  seoenth  day,  February  7,  19$1 


8:54 

102 

58 

44 

68 

8:57 

106 

58 

48 

72 

9:00 

104 

60 

44 

72 

9:03 

102 

58 

44 

72 

9:06 

102 

60 

42 

72 
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BLOOD  PBIMUBB 

▲.M.  BOUB 

• 

Syttelio 

Diastdio 

FuIm  preMare 

9:09 

102 

60 

42 

68 

9:12 

104 

60 

44 

64 

9:15 

104 

58 

46 

68 

9:18 

Free  association  test 

9:21 

100 

58 

42 

64 

9:24 

98 

58 

40 

68 

9:27 

100 

60 

40 

64 

B^^an  smoking  at  9:30 

9:30 

102 

60 

.42 

68 

9:33 

100 

62 

38 

64 

9:36 

102 

62 

40 

76 

9:39 

102 

64 

38 

72 

9:42 

106 

62 

44 

72 

9:45 

102 

64 

38 

76 

9:48 

104 

64 

40 

72 

9:51 

106 

64 

42 

70 

9:54 

104 

66 

38 

76 

Discontinued  smoking  at  9:57 

9:57 

106 

64 

42 

76 

10:00 

100 

64 

36 

72 

10:03 

98 

60 

38 

76 

10:06 

98 

62 

36 

72 

10:09 

102 

62 

40 

76 

10:12 

Free  association  test 

10:15 

106 

60 

46 

70 

10:18 

96 

60 

36 

76 

10:21 

98 

60 

38 

68 

10:24 

100 

60 

40 

72 

TABLE  21H 
Reactor  B,  eighth  day,  February  8,  19$1 


8:54 

98 

62 

36 

62 

8:57 

102 

64 

38 

60 

9.00 

100 

64 

36 

60 

9:03 

^  100 

62 

38 

60 

9:06 

98 

64 

34 

64 

9:09 

96 

64 

32 

58 

9:12 

98 

64 

34 

58 

9:15 

100 

64 

36 

64 

9:18 

Fr< 

se  association  U 

»t 

9:21 

96 

64 

32 

56 
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BOBERT  LES  BAISS 


TABLE  21Hr-CanHnued 


BIX>OD  PBEMXTBI 

AM.  HOUB 

• 

HBA^BTRATB 

SyBtoUc 

Diastolic 

Pulae  pressure 

9:24 

96 

62 

34 

60 

9:27 

96 

.    62 

34 

60 

Began  smoking  at  9:30 

9:30 

94 

62 

32 

60 

9:33 

102 

64 

38 

62 

9:36 

100 

64 

36 

64 

9:39 

100 

64 

36 

68 

9:42 

104 

70 

34 

64 

9:46 

98 

68 

30 

64 

9:48 

100 

70 

30 

68 

9:51 

100 

66 

34 

66 

9:54 

100 

62 

38 

64 

Discontinued  smoking  at  9:55 

9:57 

96 

60 

36 

68 

10:00 

92 

58 

34 

64 

10:03 

96 

64 

32 

64 

10:06 

100 

62 

38 

62 

10:09 

96 

62 

34 

62 

10:12 

Free  association  test 

10:15 

96 

64 

32 

60 

10:18 

102 

64 

38 

60 

10:21 

102 

64 

38 

60 

10:24 

100 

64 

36 

56 

TABLE  211 
Reactor  i,  ninth  day,  FebrtMry  H,  19B1 


8:55 

96 

60 

36 

68 

8:58 

100 

60 

40 

68 

9:01 

06 

60 

36 

64 

9:04 

100 

62 

38 

68 

9:07 

96 

60 

36 

64 

9:10 

100 

62 

38 

68 

9:13 

96 

60 

36 

66 

9:16 

96 

60 

36 

64 

9:19 

Free  association  t€ 

mi 

9:22 

98 

60 

38 

64 

9:25 

98 

60 

38 

60 

9:28 

98 

60 

38 

64 

Began  smoking  at  9 

:29 

9:31 

98 

60 

38 

72 

9:34 

106 

62 

44 

72 
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TABLE  ^ll-^onHnimi 


BLOOD  PBUBUBI 

AM,  BOim 

ByAUMlO 

Diastolie 

Pulse  preiBiire 

9:37 

104 

66 

38 

70 

9:40 

104 

66 

42 

66 

9:43 

102 

66 

44 

68 

9:45 

106 

68 

38 

72 

9:48 

106 

70 

36 

68 

9:51 

102 

64 

38 

68 

9:54 

104 

66 

38 

68 

Discontinued  smoking  at  9:55 

9:57 

100 

70 

30 

64 

10:00 

100 

64 

36 

64 

10:03 

98 

66 

32 

68 

10:06 

98 

60 

38 

64 

10:09 

96 

62 

34 

66 

10:12 

Free  association  test 

10:15 

102 

62 

40 

68 

10:18 

100 

62 

38 

64 

10:21 

98 

64 

34 

72 

TABLE  SU 

Reactor  $,  tenth  day,  February  IS,  19$1 


8:55 

90 

56 

34 

64 

8:58 

92 

58 

34 

64 

9:01 

90 

58 

32 

64 

9:04 

90 

58 

32 

60 

9:07 

90 

58 

32 

68 

9:10 

90 

58 

32 

64 

9:13 

90 

56 

34 

60 

9:16 

90 

58 

32 

64 

9:19 

Fre 

le  association  U 

»t 

9:22 

90 

60 

30 

60 

9:25 

90 

58 

32 

62 

9:28 

96 

Beg 

60 
Eui  smoking  at  9 

36 
:31 

56 

9:31 

96 

64 

32 

64 

9:34 

94 

64 

30 

60 

9:37 

96 

66 

30 

64 

9:40 

94 

66 

28 

68 

9:43 

94 

66 

28 

64 

9:46 

94 

62 

32 

64 

9.49 

94 

66 

28 

68 

9:52 

92 

64 

28 

64 
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BOBEBT  L6E  BATES 


TABLE  lU'-ConHntud 


BLOOD  PBISBIIBB 

AAt.  HOT7S 

■■AaTBjixa 

SyBtoIio 

Duutolio 

PubeiuMBUpe 

0:55 

96 

64 

32 

68 

9:58 

96 

66 

30 

72 

Discontinued  smoking  at  10:00 

10:01 

100 

64 

36 

66 

10:04 

96 

64 

32 

66 

10:07 

90 

60 

30 

68 

10:10 

90 

60 

30 

60 

10:13 

Free  association  test 

10:16 

94 

60 

34 

60 

10:19 

90 

60 

30 

60 

10:22 

92 

58 

34 

62 
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TABLE  22A 

Reactor  6,  first  day,  January  It,  19$1 

Blood  pressure,  heart  rate,  duration  of  smoking  period  and  interral  for  free 

association  test 


P  Jt.  HOVB 

HIABTBATB 

SyBtoUo 

DiastoUo 

PulMpiwmira 

2:25 

110 

62 

48 

60 

2:28 

110 

66 

44 

58 

2:31 

114 

64 

50 

60 

2:34 

116 

70 

46 

60 

2:37 

114 

68 

46 

60 

2:40 

114 

68 

46 

58 

2:43 

114 

68 

46 

56 

2:46 

112 

68 

44 

60 

2:49 

Free  Association  test 

2:52 

112 

74 

38 

60 

2:55 

114 

70 

44 

60 

2:58 

110 

70 

40 

60 

Began  smoking  at  2:59 

3:01 

112 

70 

42 

60 

3:04 

118 

72 

46 

68 

3:07 

116 

80 

36 

64 

3:10 

118 

80 

38 

72 

3:13 

122 

78 

44 

72 

3:16 

122 

78 

44 

68 

3:10 

122 

76 

46 

72 

3:22 

122 

78 

46 

64 

3:25 

124 

78 

46 

68 

3:28 

136 

82 

54 

72 

Discontinued  smoking  at  3:30 

3:31 

124 

78 

46 

68 

3:34 

126 

78 

48 

72 

3:37 

130 

82 

48 

68 

3:40 

124 

78 

46 

68 

3:43 

Free  association  test 

3:46 

128 

78 

50 

76 

3:49 

124 

78 

46 

72 

3:52 

122 

74 

48 

64 

Reactor  smoked  one  cigar  (3.58  grams  of  tobacco) 
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Google 
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BOBEBT  LEE  BATES 


TABLE  22B 

Reactor  6,  second  day,  January  IS,  19$1 


BLOOD  PBJEBSUBa 

TM.  HODB 

HSABTBATfl 

SyBtolio  * 

DiA0toUo 

PuIm  pnHure 

2:25 

no 

72 

38 

60 

2:28 

110 

68 

42 

60 

2:31 

no 

70 

40 

60 

2:34 

110 

72 

38 

62 

2:37 

112 

70 

42 

60 

2:40 

114 

70 

44 

62 

2:43 

114 

72 

42 

60 

2:46 

108 

70 

38 

60 

2:49 

Free  association  test 

2:52 

112 

72 

40 

64 

2:55 

110 

72 

38 

60 

2:58 

110 

72 

38 

60 

Began  smoking  at  2:59 

3:01 

110 

72 

38 

60 

3:04 

116 

72 

44 

60 

3:07 

114 

74 

40 

64 

3:10 

114 

74 

40 

62 

3:13 

118 

82 

36 

62 

3:16 

120 

82 

38 

64 

3:19 

116 

78 

38 

64 

3:22 

118 

80   . 

38 

62 

3:25 

118 

82 

36 

64 

Discontinued  smoking  at  3:28 

3:28 

120 

86 

34 

68 

3:31 

120 

82 

38 

64 

3:34 

118 

80 

38 

60 

3:37 

120 

84 

36 

64 

3:40 

120 

82 

38 

64 

3:43 

118 

82 

36 

64 

3:46 

,  Free  association  test 

3:49 

122 

80 

42 

68 

3:52 

120 

80 

40 

64 

3:55 

118 

80 

38 

64 

TABLE  32C 
Reactor  S,  third  day,  January  17,  19tl 


1:25 

110 

58 

52 

60 

1:28 

110 

68 

52 

64 

1:31 

112 

66 

46 

74 

1:34 

112 

60 

52 

60 

1:37 

112 

60 

52 

60 
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TABLE  22C— Conttnuetf 


BLOOD  PBBBUBB 

P.1I.  HOUB 

BBABTBATB 

Systolio 

DiastoUo 

PuIm  praoBure 

1:40 

110 

60 

50 

60 

1:43 

112 

60 

52 

66 

1:46 

112 

60 

52 

66 

1:49 

Free  association  test 

1:62 

112 

58 

54 

60 

1:55 

108 

60 

48 

66 

1:58 

110 

60 

50 

64 

Began  smoking  at  1:58 

2:01 

104 

64 

40 

60 

2:04 

114 

70 

44 

60 

2:07 

118 

70 

48 

60 

2:10 

118 

70 

48 

64 

2:13 

122 

70 

52 

68 

2:16 

122 

70 

52 

60 

2:19 

118 

70 

48 

64 

Discontinued  smoking  at  2:20 

2:22 

120 

68 

52 

72 

2:25 

116 

66 

50 

60 

2:28 

112 

68 

44 

68 

2:31 

110 

72 

38 

80 

2:34 

114 

68 

46 

68 

2:37 

114 

68 

46 

64 

2:40 

114 

68 

46 

64 

2:43 

Free  association  test 

2:46* 

118 

66 

52 

72 

2:49 

114 

64 

50 

64 

2:52 

112 

64 

48 

64 

TABLE  22D 

Reactor  S,  fourth  day,  January  19,  19$! 


2:25 

110 

64 

56 

60 

2:28 

116 

66 

50 

62 

2:31 

116 

66 

50 

68 

2:34 

116 

62 

54 

64 

2:37 

114 

64 

50 

68 

2:40 

116 

66 

50 

64 

2:43 

118 

66 

52 

64 

2:46 

114 

66 

48 

68 

2:49 

Fn 

ie  association  te 

0t 

2:52 

116 

62 

54 

60 

2:55 

120 

70 

50 

60 
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Google 
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BOBEBT  USE  BATES 


TABLE  22T>-CoHHnued 


BLOOD  PBBBSUBB 

rM.  HOUB 

HKAXr  RATB 

Systolio 

Diaatolio 

PulMprwnre 

2:58 

118 

70 

48 

64 

Began  smoking  at  3:00 

3:01 

118 

70 

48 

64 

3:04 

114 

70 

44 

64 

3:07 

116 

70 

46 

68 

3:10 

116 

70 

46 

68 

3:13 

120 

74 

46 

64 

3:16 

116 

68 

48 

72 

3:19 

118 

74 

44 

66 

Discontinued  smoking  at  3:20 

3:22 

118 

74 

44 

68 

3:25 

120 

70 

50 

72 

3:28 

126 

70 

56 

76 

3:31 

128 

70 

58 

64 

3:34 

120 

70 

50 

66 

3:37 

116 

66 

50 

68 

3:40 

118 

68 

50 

68 

3:43 

Free  association  test 

3:46 

116 

70 

56 

64 

3:49 

114 

62 

52 

62 

3:52 

118 

62 

56 

64 

3:55 

116 

60 

56 

64 

TABLE  22E 
Reactor  6,  fifth  day,  January  B4,  19M1 


1:25 

120 

60 

60 

66 

1:28 

120 

60 

60 

68 

1:31 

122 

58 

64 

68 

1:34 

122 

62 

60 

76 

1:37 

122 

58 

64 

76 

1:40 

118 

62 

56 

72 

1:43 

120 

60 

60 

72 

1.46 

120 

60 

60 

72 

1:49 

F« 

)e  association  te 

St 

1:52 

118 

60 

58 

68 

1:65 

114 

58 

56 

66 

1:58 

114 

Beg 

62 
Em  smoking  at  2 

52 
:00 

68 

2:01 

118 

66 

52 

64 

2:04 

120 

70 

50 

62 

2:07 

120 

66 

54 

76 
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Google 
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TABLE  2m—ConHnv«d 


BLOOD  nwasuMM 

P.1I.  HOT7S 

BXABTBAnS 

SyBtoUo 

Diastolio 

PubeprMBun 

2:10 

122 

64 

68 

68 

2:13 

122 

62 

60 

72 

2:16 

122 

70 

52 

82 

2:19 

130 

72 

58 

80 

2:22 

130 

74 

56 

80 

DiBContinued  smoking  at  2:25 

2:25 

124 

72 

52 

72 

2:28 

124 

70 

54 

80 

2:31 

120 

70 

50 

72 

2:34 

120 

70 

50 

80 

2:37 

130 

70 

60 

68 

2:40 

124 

70 

54 

72 

2:43 

Free  aseociation  test 

2:46 

120 

70 

50 

68 

2:49 

120 

70 

50 

76 

2:54 

120 

70 

50 

84 

TABLB  22F 

Reactor  5,  sixth  day,  Fdyruary  7,  19B1 


1:25 

108 

60 

48 

72 

1:28 

108 

60 

48 

66 

1:31 

108 

60 

48 

68 

1:34 

108 

60 

48 

72 

1:37 

110 

56 

54 

68 

1:40 

106 

56 

50 

68 

1:43 

108 

60 

48 

68 

1:46 

106 

60 

46 

68 

1:49 

Free  association  test 

1:52 

106 

56 

50 

68 

1:65 

108 

60 

48 

68 

1:58 

108 

60 

48 

64 

Began  smoking  at  2:00 

2:01 

106 

60 

46 

60 

2:04 

110 

56 

54 

64 

2:07 

108 

60 

48 

60 

2:10 

108 

62 

46 

72 

2:13 

112 

62 

50 

68 

2:16 

112 

66 

46 

68 

2:19 

112 

62 

50 

72 

2:22 

112 

64 

48 

64 

2:25 

114 

74 

40 

68 

Discontinued  smoking  at  2:27 
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BOBESKT  LBB  BATES 


TABLE  22F~C<m<tn«i«l 


2:28 
2:31 
2:34 
2:37 
2:40 
2:43 
2:46 
2:49 
2:52 


Systoljo 


Diastolio 


114  76  38 

112  66  46 

108  62  46 

112  66  46 

114  64  50 

Free  association  test 

110  66  44 

112  62  50 

108  60  48 


Pulae  prenure 


nmLBTBArm 


64 
68 
76 

72 
64 


64 


TABLE  220 
Reactor  5,  seventh  day,  F^ruary  11,  1921 


1:25 

112 

58 

54 

68 

1:28 

108 

56 

52 

60 

1:31 

110 

60 

50 

68 

1:34 

108 

60 

48 

68 

1:37 

110 

60 

50 

64 

1:40 

110 

58 

52 

60 

1:43 

104 

56 

48 

64 

1:46 

106 

58 

48 

64 

1:49 

Free  association  test 

1:52 

106 

58 

48 

60 

1:65 

112 

60 

52 

60 

1:58 

110 

60 

50 

64 

Began  smoking  at  2:00 

2:01 

110 

66 

44 

60 

2:04 

112 

62 

50 

64 

2:07 

112 

62 

50 

72 

2:10 

116 

64 

52 

80 

2:13 

118 

62 

56 

68 

2:16 

116 

68 

48 

72 

2:19 

122 

68 

54 

64 

Discontinued  smoking  at  2:21 

2:22 

120 

68 

52 

76 

2:25 

110 

62 

48 

72 

2:28 

110 

62 

48 

72 

2:31 

112 

62 

50 

68 

2:34 

112 

62 

50 

68 

2:37 

110 

60 

50 

72 

2:40 

116 

66 

50 

68 

2:43 

Free  association  test 

2:46 

112 

62 

50 

68 

2:49 

116 

58 

58 

72 

2:52 

116 

60 

56 

68 
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TABLE  22H 
Reactor  6,  eighth  day,  February  H,  1921 


BLOOD  PBSSSUBB 

P.M.  BOUB 

HBABTBAnS 

SystoUo 

DiastoUo 

Pulse  presBure 

1:25 

114 

62 

52 

64 

1:28 

114 

64 

50 

64 

1:31 

114 

60 

54 

64 

1:34 

108 

58 

50 

64 

1:37 

108 

58 

50 

64 

1:40 

104 

58 

46 

64 

1:43 

104 

58 

46 

64 

1:46 

100 

56 

44 

64 

1:49 

Free  association  test 

1:62 

104 

58 

46 

60 

1:55 

110 

60 

50 

60 

1:58 

104 

60 

44 

60 

Began  smoking  at  2:00 

2:01 

110 

66 

44 

72 

2:04 

110 

64 

46 

62 

2:07 

112 

68 

44 

68 

2:10 

118 

68 

50 

66 

2:13 

112 

68 

44 

64 

2:16 

116 

68 

48 

64 

2:19 

114 

68 

46 

64 

2:22 

no 

66 

44 

62 

2:25 

112 

70 

42 

72 

Discontinued  smoking  at  2:26 

2:28 

112 

70 

42 

64 

2:31 

110 

66 

44 

60 

2:34 

112 

62 

50 

64 

2:37 

110 

64 

46 

62 

2:40 

108 

62 

46 

64 

2:43 

110 

64 

46 

60 

2:46 

Free  association  test 

2:49 

114 

66 

48 

60 

2:52 

110 

66 

44 

60 

2:55 

114 

68 

46 

TABLE  321 

Reactor  S,  ninth  day,  Fi^bruary  18,  19tl 


2:25 

110 

60 

50 

74 

2:28 

110 

60 

50 

68 

2:31 

108 

58 

50 

68 

2:34 

112 

60 

52 

64 

2:37 

112 

58 

54 

68 
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BOBEBT  IJ2B  BATES 


TABLE  221— CimttniMd 


BliOOD  PBBMUBB 

TM.  BOUB 

HSABT  BA,n 

Systolio 

DimstoUo 

PulM  pfWUTO 

2:40 

112 

60 

52 

68 

2:43 

110 

60 

50 

T2 

2:46 

108 

58 

50 

68 

2:49 

Free  association  test 

2:52 

110 

58 

52 

64 

2:56 

106 

58 

48 

64 

2:58 

104 

58 

46 

66 

Began  smoking  at  3:01 

3:01 

106 

62 

44 

56 

3:04 

110 

64 

46 

60 

8:07 

112 

66 

46 

64 

3:10 

110 

66 

44 

68 

3:13 

114 

70 

44 

74 

3:16 

112 

68 

44 

70 

3:19 

114 

68 

46 

64 

3:22 

114 

70 

44 

64 

3:25 

112 

68 

44 

68 

3:28 

116 

74 

42 

68 

Discontinued  smoking  at  3:31 

3:31 

118 

70 

48 

80 

3:34 

110 

68 

42 

76 

3:37 

110 

68 

42 

64 

3:40 

106 

66 

40 

66 

3:43 

106 

68 

38 

68 

3:46 

Free  association  test 

3:40 

106 

62 

44 

64 

8:52 

106 

62 

44 

72 

3:55 

108 

60 

IS 

68 

TABLE  22J 

Beaetor  6,  tenth  day,  Fdiruary  Bl,  19$1 


1:25 

108 

60 

48 

72 

1:28 

108 

60 

48 

70 

1:31 

108 

60 

48 

72 

1:34 

108 

60 

48 

68 

1:37 

108 

60 

48 

74 

1:40 

110 

60 

50 

68 

1:43 

106 

58 

48 

68 

1:46 

108 

58 

50 

72 

1:49 

Fri 

ie  association  te 

St 

1:52 

112 

60 

52 

66 
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459 


BLOOD  PBUBUBa 

FJI.  BOUB 

BMUa  MATE 

Syttolio 

Diastolio 

PulMpranm 

1:56 

106 

56 

50 

68 

1:68 

104 

56 

48 

66 

2:01 

108 

60 

48 

64 

2:04 

110 

60 

50 

68 

2:07 

108 

60 

48 

66 

2:10 

110 

64 

46 

66 

2:13 

no 

64 

46 

80 

2:16 

116 

70       , 

46 

84 

2:19 

116 

70 

46 

78 

2:22 

116 

68 

48 

80 

2:26 

112 

66 

46 

76 

2:28 

116 

70 

46 

80 

Discontinued  smoking  at  2:31 

2:31 

116 

72 

44 

84 

2:34 

108 

60 

48 

78 

2:37 

112 

62 

50 

72 

2:40 

112 

60 

52 

72 

2:43 

Free  association  test 

2:46 

112 

70 

42 

84 

2:49 

112 

66 

46 

68 

2:62 

116 

68 

48 

8P 
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ROBEBT  UBB  BATES 


TABLE  23A 

Reactor  6,  first  day,  January  11,  19B1 

Blood  pressure,  heart  rate,  duration  of  smoking  period  and  interval  for  free 

association  test 


BLOOD  PBBflSUBB 

P.M.  HOUB 

BBABT  &1TB 

SystoUo 

DiaatoUo 

Pulse  preoBun 

1:26 

110 

78 

32 

76 

1:28 

110 

76 

34 

74 

1:31 

112 

80 

32 

72 

1:34 

112 

70 

42 

68 

1:37 

110 

72 

38 

72 

1:40 

114 

70 

44 

72 

1:43 

108 

68 

40 

76 

1:46 

112 

70 

42 

68 

1:49 

Free  association  test 

1:62 

106 

68 

38 

64 

1:66 

104 

74 

30 

68 

1:68 

106 

72 

34 

64 

Began  smoking  at  1:69 

2:01 

108 

70 

38 

72 

2:04 

108 

74 

34 

68 

2:07 

110 

72 

38 

68 

2:10 

110 

74 

36 

68 

2:13 

110 

74 

36 

68 

2:16 

108 

72 

36 

72 

2:19 

110 

74 

36 

76 

2:22 

110 

74 

36 

76 

2:25 

110 

72 

38 

74 

Discontinued  smoking  at  2:28 

2:28 

110 

74 

36 

76 

2:31 

108 

74 

34 

68 

2:34 

108 

74 

34 

76 

2:37 

110 

76 

34 

88 

2:40 

110 

80 

30 

80 

2:43 

Free  association  test 

2:46 

112 

74 

38 

76 

2:49 

112 

76 

36 

80 

2:62 

112 

76 

36 

68 

2:65 

104 

68 

36 

68 
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TABLE  28B 
Reactor  6,  second  day,  January  18,  19S1 


461 


BLOOD  PBESSOBB 

FJI.  HOUB 

BBABTBATB 

SystoUe 

Diastotio 

Pulse  preBwire 

2:25 

106 

68 

38 

74 

2:28 

110 

64 

36 

72 

2:31 

110 

70 

40 

80 

2:34 

106 

64 

42 

80 

2:37 

118 

78 

40 

76 

2:40 

108 

68 

40 

72 

2:43 

110 

72 

38 

68 

2:46 

108 

74 

34 

72 

2:49 

Free  association  te 

fit 

2:52 

110 

74 

36 

80 

2:55 

108 

74 

34 

64 

2:58 

106 

Beg 

72 
Bin  smoking  at  2 

34 
:59 

76 

3:01 

106 

70 

36 

70 

3:04 

108 

72 

36 

76 

3:07 

108 

70 

38 

72 

3:10 

114 

74 

40 

72 

3:13 

116 

74 

42 

76 

3:16 

112 

74 

38 

72 

3:19 

112 

70 

42 

76 

3:22 

112 

70 

42 

80 

3:25 

112 

70 

42 

80 

3:28 

114 

74 

40 

72 

3:31 

112 

Ceas 

72 
ed  smoking  at  2 

40 
:30 

76 

3:34 

110 

74 

36 

74 

3:37 

110 

72 

38 

68 

3:40 

112 

74 

38 

68 

3:43 

Fk 

$e  association  te 

fit 

3:46 

110 

78 

32 

72 

3:49 

116 

78 

38 

68 

3:52 

118 

80 

38 

62 

TABLE  28C 
Reactor  6,  third  day,  January  tO,  19$! 


2:25 

104 

60 

44 

68 

2:28 

110 

60 

50 

72 

2:31 

106 

60 

46 

72 

2:34 

106 

56 

50 

72 

2:37 

106 

60 

46 

64 
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B0B3BBT  LEIB  BATES 


TABLE  290-ConHnu§d 


BLOOD  FBBMTTBa 

P.H.  Hoxm 

SystoUo 

Diartdio 

Pulaeprcsan 

2:40 

110 

62 

48 

80 

2:43 

108 

64 

44 

64 

2:46 

108 

60 

38 

72 

2:49 

Free  association  test 

2:62 

108 

62 

46 

64 

2:66 

106 

60 

46 

72 

2:68 

108 

60 

48 

64 

Began  smoking  at  2:69 

3:01 

106* 

64 

42 

64 

3:04 

110 

60 

60 

64 

3:07 

110 

62 

48 

68 

3:10 

108 

66 

42 

80 

3:13 

106 

64 

42 

72 

3:16 

106 

66 

40 

72 

3:19 

108 

66 

42 

80 

3:22 

110 

68 

42 

70 

3:36 

110 

70 

40 

76 

3:28 

110 

64 

46 

80 

3:31 

108 

70 

38 

76 

Discontinued  smoking  at  3:31 

3:34 

112 

70 

42 

76 

3:37 

110 

70 

40 

72 

3:40 

108 

64 

44 

64 

3:43 

Free  association  test 

3:46 

112 

60 

62 

68 

3:49 

104 

64 

40 

64 

3:62 

102 

68 

34 

68 

3:66 

104 

70 

34 

72 

TABLE  2SD 

Reactor  6,  fourth  day,  February  8, 19$! 


2:26 

110 

66 

64 

76 

2:28 

108 

68 

60 

84 

2:31 

108 

60 

48 

82 

2:34 

108 

60 

48 

88 

2:37 

110 

62 

48 

84 

2.40 

110 

64 

46 

84 

2:43 

108 

62 

46 

80 

2:46 

108 

64 

44 

72 

2:49 

F« 

)e  association  te 

6t 

2:62 

108 

70 

38 

72 

Digitized  by 


Google 


EFFECTS  OF  CIOAB  AND  CIOABETTE  SMOKING 

TABLE  2ZJ>^onHnued 


463 


BLOOD  PBBBBUBB 

FJI.  BOUB 

SyBtolio 

Diaatolio 

PulMpraflBUTB 

2:55 

108 

70 

38 

72 

2:58 

110 

70 

40 

68 

Began  smoking  at  3:00 

3:01 

110 

70 

40 

72 

3:04 

112 

74 

38 

76 

3:07 

108 

66 

42 

80 

3:10 

110 

70 

40 

76 

3:13 

106 

72 

34 

76 

3:16 

112 

74 

38 

80 

3:10 

112 

78 

34 

72 

3:22 

112 

74 

38 

76 

3:25 

116 

74 

42 

72 

3:28 

120 

78 

42 

76 

3:31 

118 

78 

40 

80 

Discontinued  smoking  at  3:34 

3:34 

118 

78 

40 

76 

3:37 

118 

74 

44 

76 

3:40 

114 

70 

44 

76 

3:43 

Free  association  test 

3.46 

114 

74 

40 

76 

3:40 

108 

72 

36 

76 

3:52 

110 

72 

38 

76 

TABLE  28E 
Reactor  6,  fifth  day,  Ftbruary  10,  IMl 


2:25 

114 

60 

54 

88 

2:28 

114 

62 

52 

84 

2:31 

116 

62 

54 

86 

2:34 

116 

64 

52 

88 

2:37 

118 

62 

56 

88 

2:40 

116 

64 

52 

84 

2:43 

116 

62 

54 

84 

2:46 

116 

60 

56 

82 

2:40 

Fr< 

M  association  te 

St 

2:52 

112 

60 

52 

82 

2:55 

106 

60 

46 

88 

2:58 

110 

Beg 

62 
an  smoking  at  3 

48 
:00 

80 

3:01 

116 

60 

56 

76 

3:04 

116 

60 

56 

76 

3:07 

112 

60 

52 

84 

OOMPAXATITB  FtTCBOLOOT,  TOL.  It,  VO.  6 
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ROBEBT  USE  BATES 


TABLE  2XE—€4mtiwt4d 


• 

BLOOD  PHMUU 

FJf .  HOUB 

BBABTBA.TB 

SystoUe 

DiastoUe 

PuIm  prenuro 

3:10 

112 

60 

52 

84 

3:13 

112 

60 

52 

00 

3:16 

112 

60 

52 

88 

3:19 

114 

60 

54 

96 

3:22 

118 

64 

54 

100 

3:25 

116 

62 

54 

100 

3:28 

114 

62 

52 

104 

3:31 

114 

62 

52 

100 

3:34 

114 

62 

52 

100 

Ceased  smoking  3:35 

3:37 

110 

60          50 

104 

3:40 

116 

62          54 

100 

3:43 

Free  association  test 

3:46 

118 

68 

50 

88 

3:^ 

112 

70 

42 

100 

3:52 

112 

70 

42 

90 

TABLE  28F 
Reactor  6,  sixth  day,  Fd>ruary  16,  1B$1 


2:25 

112 

60 

52 

68 

2:28 

112 

62 

50 

76 

2:31 

112 

62 

50 

74 

2:34 

110 

62 

48 

72 

2:87 

110 

62 

48 

80 

2:40 

104 

60 

44 

76 

2:43 

108 

62 

46 

72 

2:46 

110 

62 

48 

72 

2:^ 

Frc 

)e  association  te 

St 

2:52 

108 

62 

46 

70 

2:55 

108 

62 

46 

68 

2:58 

100 

Begi 

56 
ui  smoking  at  3 

44 
:00 

66 

3:01 

110 

64 

46 

70 

3:04 

104 

60 

44 

64 

3:07 

108 

62 

46 

80 

3:10 

104 

60 

44 

76 

8:13 

106 

60 

46 

76 

3:16 

106 

64 

42 

80 

3:19 

106 

64 

42 

80 

3:22 

106 

64 

42 

76 

3:25 

112 

64 

48 

80 
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TABLE  nF-ConUntied 


466 


3:28 

3:31 
3:34 
3:37 
3:40 
3:43 
3:46 
3:49 
3:52 


Syvtolio 


Diastolie 


Pulaepranin 


112  66  46 

Discontinued  smoking  at  3:30 

112  64  48 

106  62  44 

108  64  44 

110  66  44 

Free  association  test 

108  66  42 

106  64  42 

106  60  46 


84 

74 

76 
76 

74 

72 
72 

84 


TABLE  2SQ 
Reactor  6,  aetenth  day,  February  17,  19$1 


2:26 

106 

66 

40 

68 

2:28 

106 

70 

38 

68 

2:31 

100 

64 

36 

66 

2:34 

102 

60 

42 

64 

2:37 

102 

66 

36 

80 

2:40 

104 

66 

38 

70 

2:43 

106 

66 

40 

72 

2:46 

100 

64 

36 

72 

2:49 

Free  association  te 

At 

2:52 

104 

60 

44 

72 

2:55 

102 

60 

42 

68 

2:58 

102 

60 

42 

66 

Began  smoking  at  3 

:00 

3:01 

102 

64 

88 

•  72 

3:04 

100 

64 

36 

64 

3:07 

104 

66 

38 

68 

3:10 

104 

66 

38 

68 

3:13 

104 

68 

36 

76 

8:16 

106 

66 

40 

72 

3:19 

106 

66 

40 

76 

3:22 

106 

68 

38 

64 

3:25 

108 

72 

36 

68 

3:28 

110 

74 

36 

68 

Discontinued  smoking  i 

stt3:30 

3:31 

108 

72 

36 

68 

3:34 

108 

72 

36 

70 

3:37 

106 

70 

36 

72 

3:40 

104 

66 

38 

64 

3:43 

Free  association  te 

St 

3.46 

98 

64 

34 

76 

3:49 

100 

64 

36 

72 

3:52 

100 

64 

36 

64 
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TABLE  23H 

Reactor  6,  eighth  day,  F^tMry  B4,  19B1 


BLOOD  PRXflBUBX 

WM.  H017B 

HXABTKAXB 

Systolio 

Diutolio 

Piilse  presBure 

2:25 

110 

66 

44 

70 

2:28 

108 

64 

44 

64 

2:31 

108 

64 

44 

64 

2:34 

108 

66 

42 

64 

2:37 

108 

66 

42 

62 

2:40 

110 

66 

44 

62 

2:43 

106 

64 

42 

60 

2:46 

104 

62 

42 

62 

2:40 

Free  association  test 

2:52 

106 

60 

46 

62 

2:55 

104 

62 

42 

76 

2:58 

110 

68 

42 

60 

• 

Began  smoking  at  3:00 

3:01 

108 

62 

46 

72 

3:04 

104 

62 

42 

64 

3;07 

106 

64 

42 

72 

3:10 

110 

64 

46 

68 

3:13 

106 

66 

42 

76 

3:16 

104 

62 

42 

64 

3:10 

100 

58 

38 

76 

3:22 

106 

62 

44 

76 

3:25 

110 

64 

46 

72 

8:28 

110 

66 

44 

68 

3:31 

108 

70 

38 

72 

3:34 

114 

72 

42 

72 

Discontinued  smoking  at  3:35 

3:37 

112 

64                        48 

68 

3:40 

106 

64                        42 

62 

3:43 

Free  association  test 

3:46 

106 

66 

40 

60 

3:40 

106 

68 

38 

66 

8:52 

106 

66 

40 

72 

TABLE  231 

Reactor  6,  ninth  day,  March  1,  19£1 


2:25 

110 

64 

46 

72 

2:28 

108 

62 

46 

76 

2:31 

110 

6i 

46 

72 

2:34 

108 

6i 

44 

72 

2:37 

108 

64 

44 

68 
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TABLE  m—CorUinutd 


BLOOD  PBIHUSB 

P.U.  HOITB 

Syvtolio 

DiastoUo 

Pulse  pnnuie 

2:40 

no 

66 

44 

68 

2:43 

no 

62 

48 

66 

2:46 

108 

62 

46 

68 

2:49 

Free  asBociation  test 

2:52 

108 

60 

48 

64 

2:56 

112 

64 

48 

64 

2:58 

112 

64 

48 

64 

Began  smoking  at  3:00 

• 

3:01 

110 

66 

44 

72 

3:04 

112 

64 

48 

66 

3:07 

116 

68 

48 

64 

3:10 

no 

66 

44 

70 

3:13 

112 

72 

40 

80 

3:16 

114 

72 

42 

76 

3:19 

114 

72 

42 

72 

Discontinued  smoking  at  3:22 

3:22 

112 

72 

40 

64 

3:25 

112 

62 

50 

62 

3:28 

112 

64 

48 

68 

3:31 

112 

62 

50 

74 

3:34 

no 

64 

46 

72 

3:37 

108 

64 

44 

74 

3:40 

no 

70 

40 

68 

3:43 

Free  association  test 

3:46 

112 

66 

46 

72 

3:49 

108 

68 

40 

76 

3:52 

108 

64 

44 

70 

TABLE  2SJ 
Reactor  6,  tenth  day,  March  5,  19S1 


1:55 

116 

66 

50 

84 

1:58 

116 

64 

52 

88 

2:01 

116 

62 

54 

88 

2:04 

118 

64 

54 

84 

2:07 

114 

64 

50 

82 

2:10 

114 

62 

52 

84 

2:13 

118 

66 

52 

80 

2:16 

no 

62 

48 

82 

2:19 

Fr« 

ie  association  te 

tst 

2:22 

no 

60 

50 

80 

2:25 

no 

60 

50 

84 
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TABLE  23J-€ontinu€d 


BLOOD  PBBB8I7XB 

pjf .  Hoxm 

SystoUe 

Diastolio 

Pulse  pretBure 

2:28 

114 

60 

64 

76 

Beg] 

ui  smoking  at  2:30 

2:31 

116 

64 

62 

78 

2:34 

116 

66 

60 

82 

2:37 

116 

68 

48 

78 

2:40 

116 

66 

60 

78 

2:43 

118 

68 

60 

74 

2:46 

120 

70 

60 

86 

2:40 

116 

70 

66 

80 

2:62 

112 

70 

42 

84 

2:56 

114 

70 

44 

88 

2:68 

112 

66 

46 

84 

Ceased  smoking  3:01 

3:01 

114 

66 

48 

80 

3:04 

112 

60 

62 

88 

3:07 

114 

62 

62 

80 

3:10 

112 

62 

60 

88 

3:13 

Fr< 

ie  association  te 

fit 

3:16 

112 

64 

48 

78 

3:10 

114 

62 

62 

88 

3:22 

116 

62 

64 

84 
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TABLE  a4A 

Reactor  8,  first  day,  January  14,  19$1 

Blood  premure,  heart  rate,  duration  of  smoking  period  and  interval  for  free 

association  test 


BLOOD  PRBBBTTBS 

P.H.  BOUB 

HBABTBATB 

BystoUe 

Diastolio 

PulMpnuare 

2:25 

100 

66 

34 

64 

2:28 

100 

64 

36 

64 

2:31 

100 

64 

36 

60 

2:34 

102 

70 

32 

64 

2:37 

102 

68 

34 

64 

2:40 

100 

68 

•    32 

60 

2:43 

100 

68 

32 

60 

2:46 

100 

66 

34 

60 

2:40 

Free  association  test 

2:52 

102 

68 

34 

56 

2:55 

102 

68 

34 

60 

2:58 

102 

68 

34 

56 

Began  smoking  at  2:59 

3:01 

100 

66 

34 

64 

3:04 

100 

68 

32 

60 

3:07 

100 

68 

32 

60 

3:10 

100 

68 

32 

60 

3:13 

100 

68 

32 

60 

3:16 

100 

66 

34 

64 

3:19 

100 

66 

34 

64 

3:22 

100 

70 

30 

62 

3:25 

100 

68 

32 

60 

Discontinued  smoking  at  3:27 

3:28 

100 

68 

32 

60 

3:31 

100 

68 

32 

64 

3:34 

102 

72 

30 

64 

3:37 

100 

70 

30 

56 

3:40 

100 

70 

30 

60 

3:43 

Free  association  test 

•      3:46 

100 

72 

28 

68 

3:49 

100 

70 

30 

60 

3:52 

100 

68 

32 

60 

3:55 

100 

68 

32 

80 
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TABLE  24B 
Reactor  8,  second  day,  January  15,  19£t 


BLOOD  PBRBUBB 

P  JC.  BOT7B 

JLMMMtMAXm 

SyBtoIio 

DiMtoUo 

Pulse  preamire 

2:25 

100 

60 

40 

64 

2:28 

100 

60 

40 

64 

2:31 

100 

60 

40 

64 

2:34 

100 

68 

42 

62 

2:37 

100 

60 

40 

62 

2:40 

100 

60 

40 

62 

2:43 

106 

62 

44 

64 

2:46 

102 

62 

40 

68 

2:49 

Free  association  test 

2:62 

102 

62 

40 

68 

2:66 

104 

60 

44 

66 

2:68 

104 

60 

44 

66 

Began  smoking  at  2:69 

3:01 

104 

60 

44 

64 

3:04 

112 

60 

62 

64 

3:07 

104 

60 

44 

60 

3:10 

98 

60 

38 

60 

3:13 

98 

60 

38 

64 

3:16 

100 

60 

40 

68 

3:10 

102 

60 

42 

70 

3:22 

102 

60 

42 

68 

3:26 

104 

62 

42 

68 

Discontinued  smoking  at  3:26 

3:28 

106 

62 

44 

64 

3:31 

104 

68 

36 

62 

3:34 

106 

68 

38 

68 

3:37 

108 

68 

40 

64 

3:40 

104 

66 

38 

66 

3:43 

Free  association  test 

3:46 

100 

64 

36 

64 

3:49 

100 

62 

38 

60 

3:62 

108 

64 

44 

66 

3:66 

104 

62 

42 

60 

TABLE  24C 

Reactor  8,  third  day,  January  $B,  19$1 


2:26 

106 

60 

46 

72 

2:28 

104 

60 

44 

68 

2:31 

106 

68 

48 

68 

2:34 

106 

60 

46 

64 

Digitized  by 


Google 


EFFECTS  OF  CI6AB  AND  CIGABETTE  SMOKINQ 


471 


TABLE  2iO-ConHnwd 


BLOOD  PBBBBUBB 

P  Jf .  HOUB 

HXAXTBATB 

SystoUo 

DiastoUo 

Pulse  pnnuce 

2:37 

112 

60 

52 

64 

2:40 

106 

60 

46 

68 

2:43 

104 

60 

44 

68 

2:46 

106 

60 

46 

68 

2:49 

Free  association  test 

2:52 

104 

60 

44 

72 

2:55 

106 

60 

46 

74 

2:58 

104 

62 

42 

64 

Began  smoking  at  2:59 

3:01 

104 

60 

44 

72 

3:04 

110 

62 

48 

68 

3:07 

106 

64 

42 

70 

3:10 

110 

66 

44 

76 

3:13 

112 

68 

44 

76 

3:16 

112 

66 

46 

76 

3:19 

112 

64 

48 

76 

3:22 

116 

64 

52 

74 

3:25 

118 

64 

44 

68 

3:28 

122 

66 

46 

68 

3:31 

116 

66 

50 

72 

3:34 

124 

66 

58 

76 

Discontinued  smoking  at  3:37 

3:37 

118          64          54 

76 

3:40 

112          60          52 

80 

3:43 

Free  association  test 

3:46 

106 

60 

46 

76 

3:49 

116 

70 

46 

76 

3:52 

122 

66 

56 

72 

3:55 

120 

66 

56 

74 

TABLE  24D 

Reactor  8,  fourth  day,  Fihruary  9,  19$i 


2:25 

96 

50 

46 

72 

2:28 

98 

52 

46 

68 

2:31 

100 

54 

46 

68 

2:34 

100 

54 

46 

68 

2:37 

100 

54 

46 

68 

2:40 

100 

52 

48 

68 

2:43 

100 

56 

44 

64 

2:46 

100 

54 

46 

72 

2:49 

F« 

ie  association  te 

St 
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ROBERT  liEE  BATES 


TABLE  24I>— ConitniMd 


BLOOD  PRBBBXTma 

p.if .  Boxm 

MMAXtMJkXU 

8y>tolk 

DiMtdiO 

2:62 

100 

62 

48 

68 

2:56 

06 

64 

42 

68 

2:68 

08 

64 

44 

64 

Began  Bmoking  at  2:69 

3:01 

100 

66 

44 

68 

8:04 

100 

66 

44 

68 

3:07 

92 

66 

36 

64 

3:10 

94 

64 

40 

68 

3:13 

96 

66 

40 

68 

3:16 

96 

66 

40 

68 

3:19 

94 

64 

40 

68 

Discontinued  smoking  at  3:22 

3:22 

94 

66 

38 

64 

3:25 

92 

62 

40 

60 

3:28 

102 

68 

44 

64 

3:31 

100 

68 

42 

64 

3:34 

102 

66 

46 

64 

3:37 

100 

66 

44 

64 

3:40 

100 

66 

44 

68 

3.43 

Free  association  test 

3:46 

90 

68 

32 

76 

3:40 

88 

68 

30 

60 

3:62 

92 

60 

32 

68 

TABLE  24E 
Reactor  8,  fifth  day,  February  1$,  19$i 


2:26 

90 

62 

38 

68 

2:28 

94 

66 

38 

64 

2:31 

100 

68 

42 

64 

2:34 

100 

68 

42 

68 

2:37 

92 

68 

34 

62 

2:40 

102 

68 

44 

76 

2:43 

90 

66 

34 

64 

2:46 

98 

68 

40 

64 

2:49 

Free  association  te 

St 

2:62 

92 

66 

36 

64 

2:66 

92 

66 

36 

64 

2:68 

94 

68 

36 

62 

Began  smoking  at  2: 

59 

3:01 

86 

66 

30 

62 

3:04 

90 

66 

34 

60 
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TABLE  UB-CmHnu^ 

BIX>OD  FBBflSUBB 

P.M.  HOUR 

■lABTBATB 

SystoUo 

Diastolic 

Pulse  prentire 

3:07 

04 

58 

36 

60 

3:10 

102 

60 

42 

64 

3:13 

04 

58 

36 

64 

3:16 

04 

58 

36 

62 

3:19 

100 

60 

40 

68 

3:22 

00 

56 

34 

66 

3:26 

00 

56 

34 

68 

3:28 

100 

58 

42 

60 

3:31 

02 

56 

36 

60 

Discontinued  smoking  at  3:32 

3:34 

102 

62 

40 

64 

3:37 

100 

60 

40 

60 

3:40 

102 

60 

42 

60 

3:43 

Free  association  test 

3:46 

100 

62 

38 

72 

3:40 

00 

58 

32 

60 

3:52 

00 

58 

32 

64 

TABLE  24F 
Reactor  8,  sixth  day,  Febrtuiry  16,  19$! 


2:25 

00 

56 

34 

64 

2:28 

04 

56 

38 

70 

2:31 

88 

56 

32 

64 

2:34 

00 

54 

36 

62 

2:37 

00 

56 

34 

72 

2:40 

02 

56 

36 

62 

2:43 

02 

56 

36 

64 

2:46 

00 

56 

34 

64 

2:40 

Fr< 

)e  association  te 

St 

2:52 

00 

56 

34 

72 

2:55 

02 

56 

36 

68 

2:58 

02 

Beg 

56 
an  smoking  at  3 

36 
:01 

60 

3:01 

02 

56 

36 

60 

3:04 

00 

52 

38 

64 

3:07 

02 

52 

40 

60 

3:10 

88 

52 

36 

60 

3:13 

06 

56 

40 

60 

3:16 

102 

56 

46 

58 

3:10 

02 

54 

38 

68 

3:22 

02 

56 

36 

66 
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TABLE  24F— Coirttnwed 


BLOOD  PsaasuBB 

P.U.  VOUB 

HKABT  BATB 

SyBtoUc 

DiastoUo 

Pulse  pressure 

3:25 

100 

56 

44. 

64 

3:28 

92 

58 

34 

64 

Diflcontinued  smoking  at  3:31 

3:31 

88 

54 

34 

62 

3:34 

88 

56 

32 

60 

3:37 

88 

54 

34 

64 

3:40 

88 

56 

32 

60 

3:43 

Free  association  test 

3:46 

92 

56 

36 

60 

3:49 

90 

54 

36 

60 

3:52 

88 

54 

34 

60 

TABLE  24G 

Reactor  8,  seventh  day,  February  19,  19S1 


2:25 

90 

50 

40 

60 

2:28 

90 

52 

38 

60 

2:31 

90 

50 

40 

60 

2:34 

90 

52 

38 

62 

2:37 

96 

54 

42 

64 

2:40 

90 

54 

36 

60 

2:43 

90 

54 

36 

60 

2:46 

90 

54 

36 

64 

2:49 

Free  association  test  (omitted) 

2:52 

94 

54 

40 

60 

2:55 

90 

60 

30 

60 

2:58 

90 

58 

32 

60 

Began  smoking  at  3:00 

3:01 

94 

60 

34 

60 

3:04 

94 

60 

34 

60 

3:07 

94 

60 

34 

60 

3:10 

92 

62 

30 

62 

3:13 

90 

62 

28 

62 

3:16 

96 

64 

32 

62 

3:19 

100 

64 

36 

60 

3:22 

92 

62 

30 

60 

3:26 

102 

62 

40 

60 

3:28 

100 

64 

36 

60 

3:31 

100 

60 

40 

60 

3:34 

102 

60 

42 

60 

Discontinued  smoking  at  3:34  ' 

3:37 

96           1             58           I             38 

60 
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TABLE  MG-^onfiiMM^ 


BLOOD  PBimUBa 

P.M.  HOUB 

HBABTBATB 

Syvtolio 

Diastolic 

Pulse  prasnrs 

3:40 

98 

58 

40 

64 

3:43 

Free  association  test  (omitted) 

3:46 

96 

56 

40 

64 

3:49 

94 

56 

38 

60 

3:52 

94 

58 

36 

60 

TABLE  24H 
Reactor  8,  eighth  day,  Fdtmary  B6, 1921 


2:25 

100 

60 

40 

72 

2:28 

100 

60 

40 

76 

2:31 

102 

60 

42 

76 

2:34 

102 

60 

42 

72 

2:37 

102 

60 

42 

76 

2:40 

102 

60 

42 

80 

2:43 

100 

60 

40 

76 

2:46 

100 

60 

40 

76 

2:49 

Free  association  te 

St 

2:52 

102 

60 

42 

72 

2:55 

98 

58 

40 

68 

2:58 

100 

56 

44 

68 

Began  smoking  at  I 

1:00 

3:01 

102 

60 

42 

68 

3:04 

106 

60 

46 

72 

3:07 

110 

58 

52 

72 

3:10 

104 

60 

44 

66 

3:13 

108 

62 

46 

68 

3:16 

110 

62 

48 

68 

3:19 

108 

60 

48 

66 

3:22 

108 

62 

46 

64 

3:25 

108 

62 

46 

60 

3:28 

106 

62 

44 

64 

3:31 

100 

62 

38 

68 

3:34 

106 

58 

'     48 

64 

3:37 

106 

60 

46 

68 

Discontinued  smoking 

at  3:38 

3:40 

108           1             60 

48 

64 

3:43 

Free  association  te 

St 

3:46 

100 

58 

42 

68 

3:49 

106 

64 

42 

64 

3:52 

100 

58 

42 

64 
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BOBBBT  liEE  BATES 


TABLE  MI 
Reactor  8,  ninth  day,  March  B,  19Bt 


BLOOP  PRBBSUBS 

P.M.  HOUB 

HBABTSACT 

Syrtolio 

DiMtdk 

Pnbeprannie 

2:26 

04 

54 

40 

68 

2:28 

96 

56 

40 

64 

2:31 

100 

58 

42 

70 

2:34 

100 

60 

40 

70 

2:37 

106 

58 

46 

68 

2:40 

106 

58 

48 

68 

2:43 

102 

58 

44 

72 

2:46 

106 

68 

48 

72 

2:40 

Free  association  test 

2:52 

100 

58 

42 

68 

2:65 

100 

58 

42 

68 

2:58 

100 

60 

40 

72 

Began  smoking  at  3:00 

3:01 

102 

60 

42 

72 

3:04 

106 

62 

44 

68 

3:07 

110 

60 

50 

64 

3:10 

106 

60 

46 

74 

3:13 

112 

62 

50 

68 

3:16 

110 

60 

50 

80 

3:19 

112 

60 

52 

68 

3:22 

110 

62 

48 

66 

3:25 

110 

58 

52 

68 

Discontinued  smoking  at  3:27 

3:28 

112 

62 

50 

68 

3:31 

106 

56 

50 

66 

3:34 

104 

58 

46 

66 

3:37 

106 

60 

46 

60 

3:40 

110 

60 

50 

64 

3:43 

Free  association  test 

3:46 

102 

58 

44 

64 

3:40 

110 

64 

46 

72 

3:52 

106 

62 

44 

64 

TABLE  MJ 
Reactor  8,  tenth  day,  March  6,  19tl 


2:25 

102 

58 

44 

72 

2:28 

102 

58 

76 

76 

2:31 

102 

58 

44 

70 

2:34 

102 

58 

44 

70 

2:37 

102 

58 

44 

72 
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TABLE  2iJ—ConHnu»d 


BLOOD  PBBBftUBa 

P.M.  HOUB 

■■AXTBATI 

SystoUo 

DisBtoUo 

Pulse  piesBiire 

2:40 

102 

58 

44 

72 

2:43 

102 

60 

42 

72 

2:46 

104 

58 

46 

72 

2:49 

Free  association  test 

2:52 

94 

66 

38 

72 

2:55 

92 

58 

34 

72 

2:58 

98 

58 

40 

66 

Began  smoking  at  3:00 

3:01 

104 

60 

44 

64 

3:04 

98 

60 

38 

68 

3:07 

104 

60 

44 

68 

3:10 

100 

62 

38 

70 

3:13 

100 

62 

38 

62 

3:16 

102 

62 

42 

70 

3:19 

106 

64 

42 

72 

3:22 

104 

62 

42 

64 

3:25 

102 

64 

38 

66 

Discontinued  smoking  at  3:28 

3:28 

98 

62 

36 

.  68 

3:31 

94 

62 

32 

68 

3:34 

96 

62 

32 

68 

3:37 

100 

62 

38 

68 

3:40 

96 

64 

32 

64 

3:43 

Free  association  test 

3:46 

98 

58 

40 

68 

3:49 

98 

60 

38 

66 

3:52 

98 

62 

36 

66 
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BOBCBT  LBaS  BATES 


TABLE  85A 

Reactor  9,  first  day,  January  BO,  19Bi 

Blood  pressure,  heart  rate,  duration  of  smoking  period  and  interval  for  free 

association  test 


BLOODPBBBSUBa 

A.M.  HOUB 

HKABTBA9B 

Syrtolio 

DiartoUo 

Pabepreaure 

9:55 

106 

70 

36 

68 

9:58 

110  , 

70 

40 

62 

10:01 

110 

70 

40 

64 

10:04 

106 

70 

36 

64 

10:07 

108 

68 

40 

64 

10:10 

106 

70 

38 

72 

10:13 

106 

68 

38  • 

64 

10:16 

106 

70 

36 

64 

10:19 

Free  association  test 

10:22 

106 

70 

36 

64 

10:26 

106 

70 

38 

68 

10:28 

106 

70 

36 

64 

Began  smoking  at  10:30 

10:31 

108 

70 

38 

64 

10:34 

114 

76 

38 

68 

10:37 

110 

70 

40 

60 

10:40 

110 

76 

34 

60 

10:43 

110 

70 

40 

68 

10:46 

110 

70 

40 

68 

10:49 

110 

76 

34 

68 

10:62 

112 

76 

36 

76 

10:66 

106 

72 

36 

72 

10:58 

112 

78 

34 

64 

Discontinued  smoking  at  10:69 

11:01 

106 

70 

36 

68 

11:04 

108 

70 

38 

64 

11:07 

110 

72 

38 

64 

11:10 

106 

74 

32 

72 

11:13 

Free  association  test 

11:16 

106 

74 

32 

64 

11:19 

106 

74 

32 

62 

11:22 

108 

80 

28 

64 
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TABLE  26B 
Reactor  9,  second  day,  January  26,  1921 


BLOOD  PBBWUBa 

▲.M.  HOUB 

HXAXTBATli 

SystoUo 

DiastoUo 

Pulse  preoBure 

0:55 

no 

70 

40 

76 

0:58 

no 

70 

40 

72 

10:01 

108 

70 

38 

68 

10:04 

no 

70 

40 

72 

10:10 

100 

68 

32 

72 

10:13 

102 

68 

34 

72 

10:16 

104 

68 

36 

68 

10:19 

Free  aasociation  test 

10:22 

110 

70 

40 

76 

10:25 

no 

70 

40 

70 

10:28 

no 

72 

38 

76 

Began  smoking  at  10:30 

10:31 

no 

70 

40 

66 

10:34 

108 

72 

36 

66 

10:37 

104 

70 

34 

70 

10:40 

104 

70 

34 

74 

10:43 

104 

72 

32 

70 

10:46 

104 

74 

30 

72 

10:49 

102 

72 

30 

70 

10:52 

104 

74 

30 

68 

10:55 

no 

72 

38 

66 

10:58 

106 

76 

30 

64 

11:01 

106 

78 

28 

66 

11:04 

108 

78 

30 

64 

11:07 

no 

76 

34 

70 

Discontinued  smoking  at  11:09 

11:10 

no         1           80          1           30 

72 

11:13 

Free  association  test 

11:16 

104 

72 

32 

72 

11:19 

104 

76 

28 

68 

11:22 

106 

72 

34 

76 

TABLE  2BC 
Reactor  9,  third  day,  February  10,  1921 


9:55 

108 

66 

42 

80 

9:58 

108 

64 

44 

80 

10:01 

106 

62 

44 

84 

10:04 

104 

64 

40 

84 

10:07 

104 

64 

40 

80 

10:10 

108 

66 

42 

80 
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BOBEBT  LEE  BATES 


TABLE  28C-Conf»niMd 


BLOOD  nwBBxmm 

A.M.  HOUB 

SyBtolio 

DiastoUo 

PttlMprMBore 

10:13 

106 

66 

40 

80 

10:16 

106 

64 

42 

84 

10:19 

Free  association  test 

10:22 

104 

64 

40 

76 

10:25 

102 

64 

38 

80 

10:28 

100 

62 

38 

80 

Began  smoking  at  10:30 

10:31 

106 

66 

40 

80 

10:34 

106 

68 

38 

76 

10:37 

104 

66 

38 

80 

10:40 

108 

66 

42 

76 

10:43 

104 

66 

38 

70 

10:40 

102 

66 

36 

76 

10:49 

106 

66 

40 

76 

10:52 

104 

66 

38 

76 

10:55 

102 

66 

36 

76 

•      10:58 

106 

70 

36 

76 

11:01 

100 

66 

34 

80 

Discontinued  smoking  at  11:03 

11:04 

104 

68 

36 

84 

11:07 

106 

70 

36 

80 

11:10 

102 

70 

32 

76 

11:13 

Fri 

)e  association  test 

11:16 

100 

70 

30 

72 

11:19 

102 

70 

32 

72 

11:22 

102 

74 

28 

72 

TABLE  35D 
Reactor  9,  fourth  day,  February  17,  IBBl 


9:55 

112 

62 

50 

76 

9:58 

114 

60 

54 

70 

10:01  V 

106 

62 

44 

72 

10:04 

106 

62 

44 

72 

10:07 

106 

62 

44 

68 

10:10 

104 

62 

42 

76 

10:13 

104 

60 

44 

64 

10:16 

104 

60 

44 

66 

10:19 

Free  association  te 

St 

10:22 

102 

60 

42 

60 

10:25 

106 

60 

46 

64 

10:28 

102 

60 

42 

72 

Began  smoking  at  1 

0:30 
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481 


BLOOPPBMBUBB 

AJI.  BOim 

umAmTMsirm 

aytlolio 

Diartolio 

Pabe  preHnre 

10:31 

106 

62 

46 

68 

10:34 

106 

64 

42 

72 

10:37 

110 

64 

46 

68 

10:40 

106 

64 

44 

76 

10:43 

106 

64 

42 

72 

10:40 

108 

66 

42 

76 

10:49 

108 

64 

44 

74 

10:52 

106 

66 

42 

76 

10:65 

106 

64 

44 

80 

10:58 

112 

66 

46 

80 

Discontinued  smoking  at  11:01 

11:01 

106 

66 

42 

84 

11:04 

108 

66 

42 

76 

11:07 

108 

66 

42 

80 

11:10 

110 

68 

42 

76 

11:13 

Free  association  test 

11:16 

106 

66 

40 

68 

11:19 

104 

66 

38 

72 

11:22 

106 

66 

40 

72 

TABLE  tSE 

Reactor  9,  fifth  day,  February  H,  19Bi 

9:55 

104 

68 

36 

64 

9:58 

108 

70 

38 

72 

10:01 

106 

72 

34 

68 

10:04 

110 

72 

38 

64 

10:07 

108 

70 

38 

60 

10:10 

106 

72 

36 

64 

10:13 

108 

72 

36 

64 

10:16 

106 

68 

38 

64 

10:19 

Free  association  test 

10:22 

106 

68 

38 

64 

10:25 

106 

70 

38 

72 

10:28 

106 

70 

36 

60 

Began  smoking  at  10:30 

10:31 

106 

72 

34 

60 

10:34 

106 

72 

34 

68 

10:37 

106 

70 

36 

72 

10:40 

107 

70 

38 

66 

10:43 

110 

74 

36 

70 

10:46 

112 

76 

36 

64 
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BOBERT  USE  BATB8 


TABLE  2S&—C<nainu$d 


BLOOD  PBBBftUBa 

A.lf .  HOUB 

EBABTBATK 

SystoUo 

DiMtoUo 

Pulse  preamire 

10:49 

110 

74 

36 

72 

10:62 

114 

76 

38 

76 

Discontinued  smoking  at  10:54 

10:55 

112 

74 

38 

68 

10:68 

108 

74 

34 

72 

11:01 

114 

76 

38 

72 

11:04 

106 

74 

32 

68 

11:07 

108 

74 

36 

64 

11:10 

110 

74 

36 

64 

11:13 

Free  association  test 

11:16 

112 

76 

36 

64 

11:19 

112 

74 

38 

60 

11:22 

112 

76 

36 

66 

TABLE  25F 
Reactor  9,  sixth  day,  February  iS,  1921 


9:65 

106 

66 

40 

72 

9:58 

104 

64 

40 

68 

10:01 

106 

64 

42 

76 

10:04 

104 

64 

40 

72 

10:07 

106 

64 

42 

72 

10:10 

108 

64 

44 

68 

10:13 

106 

64 

42 

80 

10:16 

104 

64 

40 

74 

10:19 

Free  association  test 

10:22 

104 

64 

40 

68 

10:25 

104 

66 

38 

68 

10:28 

100 

64 

36 

60 

Began  smoking  at  10:30 

10:31 

104 

66 

38 

58 

10:34 

102 

66 

36 

64 

10:37 

106 

66 

40 

68 

10:40 

106 

66 

40 

64 

10:43 

110 

70 

40 

72 

10:46 

106 

72 

34 

72 

10:49 

110 

72 

38 

68 

10:62 

108 

70 

38 

70 

10:55 

106 

70 

36 

76 

10:58 

108 

72 

36 

78 

Discontinued  smoking  at  11:00 

11:01 

110           1             72           1             38 

72 
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Google 
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TABLE  2SF^ConHntui 


AM.  BOUB 

BSABT  BATB 

SystoUo 

Diastolio 

Pulse  preBBuie 

11:04 

108 

70 

38 

72 

11:07 

108 

72 

36 

76 

11:10 

106 

70 

36 

68 

11:13 

Free  association  test 

11:16 

104 

68 

36 

76 

11:19 

108 

70 

38 

68 

11:22 

112 

70 

42 

70 

TABLE  26G 
Reactor  9,  seventh  day,  February  Sd,  19tl 


9:65 

100 

62 

38 

68 

9:58 

100 

62 

38 

64 

10:01 

100 

62 

38 

64 

10:04 

96 

62 

34 

64 

10:07 

98 

62 

36 

60 

10:10 

98 

60 

38 

64 

10:13 

96 

60 

36 

72 

10:16 

94 

62 

32 

60 

10:19 

Fn 

ie  association  te 

At 

10:22 

94 

62 

32 

64 

10:25 

94 

62 

32 

72 

10:28 

94 

Beg 

62 
an  smoking  at  1 

32 
0:29 

62 

10:31 

100 

66 

34 

58 

10:34 

100 

66 

34 

64 

10:37 

100 

66 

34 

68 

10:40 

102 

66 

36 

68 

10:43 

100 

68 

32 

66 

10:46 

100 

66 

34 

68 

10:49 

100 

66 

34 

66 

10:52 

98 

68 

30 

68 

10:55 

100 

66 

34 

66 

10:58 

96 

66 

30 

68 

11:01 

100 
Discon 

66 
;inued  smoking 

34 
at  11:02 

68 

11:04 

98 

66 

32 

72 

11:07 

100 

68 

32 

80 

11:10 

100 

66 

34 

76 

11:13 

Fre 

e  association  tee 

It 

11:16 

100 

66 

34 

72 

11:19 

96 

66 

30 

72 

11:22 

96 

66 

30 

70 
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Google 
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BOBBBT  LBB  BATES 


TABLE  26H 
Reactor  P,  eighth  day,  March  S,  1921 


^ 

BLOOD  PBaaSUBll 

- 

A.lf .  HOUB 

Ha^STBAra 

SystoUo 

Diwtolio 

Pulee  pressure 

9:66 

108 

66 

42 

68 

9:68 

106 

68 

38 

68 

10:01 

108 

68 

40 

80 

10:04 

112 

70 

52 

80 

10:07 

112 

70 

62 

84 

10:10 

110 

70 

60 

80 

10:13 

110 

68 

42 

72 

10:16 

112 

68 

44 

68 

10:19 

Free  aseociation  test 

10:22 

108 

70 

38 

76 

10:25 

110 

72 

38 

66 

10:28 

110 

72 

38 

68 

Beg 

an  smoking  at  10:30 

10:31 

112 

70 

42 

72 

10:34 

110 

72 

38 

72 

10:37 

110 

74 

36 

68 

10:40 

110 

72 

38 

70 

10:43 

112 

74 

38 

70 

10:46 

112 

74 

38 

68 

10:49 

112 

74 

38 

72 

10:62 

114 

Ceaf 

76 
led  smoking  at  ] 

38 
0:64 

76 

10:65 

118 

'       78 

40 

72 

10:68      • 

114 

78 

36 

72 

11:01 

114 

70 

44 

72 

11:04 

112 

70 

42 

76 

11:07 

114 

70 

44 

76 

11:10 

112 

70 

42 

68 

11:13 

Fr 

ee  association  U 

3St 

11:16 

116 

66 

60 

68 

11:19 

116 

66 

60 

72 

11:22 

112 

70 

42 

80 

TABLE  251 

Reactor  9,  ninth  day,  March  8,  19tl 


p.m. 

2:26 

108 

60 

48 

80 

2:28 

110 

60 

60 

78 

2:31 

108 

60 

48 

76 

2:34 

110 

62 

48 

78 

2:37 

110 

62 

48 

80 
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TABLE  26l-^<mHnutd 


BLOOD  PRUBUBa 

P.1C.  H01JB 

HBABTBATB 

SyBtolio 

DiMtolio 

Pulse  xyrMBure 

2:40 

106 

58 

48 

76 

2:43 

108 

58 

50 

70 

2:46 

102 

58 

44 

68 

2:49 

Free  association  test 

2:52 

104 

58 

46 

78 

2:55 

110 

62 

48 

80 

2:58 

104 

60 

44 

72 

Began  smoking  at  3:00 

3:01 

110 

62 

48 

76 

3:04 

112 

60 

52 

72 

3:07 

114 

62 

52 

80 

3:10 

110 

64 

46 

78 

3:13 

112 

66 

46 

84 

3:16 

112 

66 

46 

84 

3:19 

116 

66 

50 

88 

3:22 

114 

66 

48 

84 

Discontinued  smoking  at  3^ 

3:25 

114 

66 

48 

84 

3:28 

112 

62 

50 

84 

3:31 

112 

64 

48 

84 

3:34 

110 

66 

44 

88 

3:37 

112 

62 

50 

80 

3:40 

112 

62 

50 

82 

3:43 

Free  association  test 

3:46 

112 

62 

50 

82 

3:49 

112 

60 

52 

78 

3:52 

114 

64 

50 

86 

TABLE  25J 
Reactor  9,  tenth  day,  March  9,  1991 


1:25 

116 

64 

52 

80 

1:28 

116 

66 

50 

84 

1:31 

114 

66 

48 

82 

1:34 

110 

64 

46 

84 

1:37 

112 

64 

48 

76 

1:40 

108 

62 

46 

80 

1:43 

110 

62 

48 

78 

1:46 

108 

64 

44 

80 

1:49 

Fn 

)e  association  te 

St 

1:52 

112 

64 

48 

78 

1:55 

114 

66 

48 

82 
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BOBEBT  LEE  BATES 


TABLE  M^ConHnwi 


BLOOD  PBBB8UBB 

P.1I.  HOUB 

HBAXTBATB 

Syatolie 

DiaetoUc 

PttlMprMtim 

1:58 

110 

64 

46 

80 

Began  smoking  at  2:00 

2:01 

ai2 

62 

50 

80 

2:04 

114 

66 

48 

80 

2:07 

112 

64 

48 

80 

2:10 

112 

64 

48 

78 

2:13 

114 

64 

50 

84 

2:16 

112 

66 

46 

80 

2:19 

114 

66 

48 

84 

2:22 

114 

66 

48 

88 

Discontinued  smoking  at  2:23 

2:25 

108 

64 

44 

88 

2:28 

110 

66 

44 

84 

2:31 

110 

64 

46 

80 

2:34 

108 

64 

44 

80 

2:37 

112 

66 

46 

84 

2:40 

110 

62 

48 

80 

2:43 

Free  association  test 

2:46 

106 

62 

44 

84 

2:49 

106 

62 

44 

76 

2:52 

110 

66 

44 

82 
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TABLE  2eA 

Reactor  10,  first  day,  January  28,  i9Bt 

Blood  pressure,  heart  rate,  duration  of  smoking  period  and  interval  for  free 

association  test 


BLOOD  PBBUtTBa 

P.lf .  HOUB 

SyitoUo 

DiastoUo 

PuIm  pTMBim 

10:55 

94 

60 

34 

76 

10:58 

86 

60 

26 

68 

11:01 

92 

58 

34 

72 

11:04 

94 

60 

34 

80 

11:07 

92 

60 

32 

72 

11:10 

100 

60 

40 

76 

11:13 

94 

60 

34 

68 

11:16 

100 

60 

40 

76 

11:19 

Free  association  test 

11:22 

94 

60 

34 

70 

11:25 

94 

64 

30 

72 

11:28 

98 

64 

34 

66 

Beg 

;an  smoking  at  11:30 

11:31 

104 

68 

36 

68 

11:34 

100 

60 

40 

74 

11:37 

96 

62 

34 

72 

11:40 

100 

60 

40 

76 

11:43 

104 

66 

38 

72 

11:46 

104 

60 

44 

76 

11:49 

104 

64 

40 

76 

11:52 

100 

60 

40 

76 

11:55 

102 

60 

42 

76 

11:58 

104 

64 

40 

72 

12:01 

104 

64 

40 

72 

Discon 

tinued  smoking  at  12:02 

12:04 

100 

68 

32 

70 

12:07 

100 

66 

34 

72 

12:10 

98 

60 

38 

72 

12:13 

102 

60 

42 

72 

12:16 

Fk 

)e  association  test 

12:19 

96 

60 

36 

64 

12:22 

96 

60 

36 

64 

12:25 

96 

60 

36 

64 
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ROB£BT  LEE  BATES 


TABLE  MB 

Reactor  10,  second  day,  January  B6,  19B1 


BLOOD  PBBUUBa 

P.M.  HOUB 

RXAXTBAn 

SyttoUo 

Diastolic 

'    Pulse  pnoBun 

9:65 

100 

64 

36 

76 

9:58 

102 

60 

42 

76 

10:01 

104 

60 

44 

76 

10:04 

94 

56 

38 

76 

10:07 

100 

56 

44 

80 

10:10 

98 

58 

30 

76 

10:13 

104 

58 

46 

80 

10:16 

102 

58 

44 

80 

10:19 

Free  association  test 

10:22 

100 

58 

42 

76 

10:25 

104 

58 

46 

80 

10:28 

102 

58 

44 

84 

Began  smoking  at  10:30 

10:31 

102 

56 

46 

78 

10:34 

100 

60 

40 

80 

10:37 

106 

60 

46 

80 

10:40 

106 

62 

44 

80 

10:43 

108 

62. 

46 

80 

10:46 

106 

64 

42 

80 

10:49 

104 

62 

42 

80 

10:52 

106 

66 

40 

80 

10:55 

104 

68 

36 

82 

10:58 

108 

64 

44 

84 

11:01 

104 

64 

40 

84 

11:04 

108 

66 

42 

80 

Discon 

binued  smoking  at  1U05 

11:07 

100 

66 

34 

80 

11:10 

112 

70 

42 

76 

11:13 

Fri 

)e  association  test 

11:16 

110 

64 

46 

70 

11:19 

104 

64 

40 

76 

11:22 

108 

68 

40 

76 

TABLE  26C 
Reactor  10,  third  day,  February  t,  19B1 


9:55 

98 

60 

38 

68 

9:58 

98 

60 

38 

72 

10:01 

100 

60 

40 

74 

10:04 

102 

60 

42 

76 

10:07 

96 

60 

36 

76 
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TABLE  29C—C<mHnu0d 


BLOOD  PBnSUXB 

A.M.  BOUB 

BBASTBATI 

SyetoHo 

DiastoUo 

PuIbb  proBBure 

10:10 

94 

58 

36 

78 

10:13 

96 

60 

36 

78 

10:16 

104 

60 

44 

80 

10:19 

Free  association  test 

10:22 

94 

60 

34 

72 

10:25 

96 

60 

36 

68 

10:28 

96 

60 

36 

74 

Began  smoking  at  10:30 

10:31 

104 

60 

44 

80 

10:34 

106 

62 

44 

76 

10:37 

110 

64 

46 

72 

10:40 

102 

62 

40 

76 

10:43 

100 

60 

40 

76 

10:46 

102 

60 

42 

84 

10:49 

110 

64 

46 

84 

10:52 

110 

60 

50 

84 

10:55     . 

100 

60 

40 

80 

10:58 

100 

60 

40 

76 

11:01 

104 

60 

44 

84 

Discon 

tinned  smoking  at  11:01 

11:04 

100 

60 

40 

80 

11:07 

106 

62 

44 

80 

11:10 

94 

58 

36 

84 

11:13 

102 

58 

44 

80 

11:16 

Fi 

"ee  association  test 

11:19 

98 

56 

42 

76 

11:22 

90 

60 

30 

84 

11:25 

104 

60 

44 

76 

TABLE  28D 

Reactor  10,  fourth  day,  February  8,  1991 


10:55 

92 

62     • 

30 

72 

10:58 

90 

62 

28 

76 

11:01 

92 

62 

30 

70 

11:04 

92 

62 

30 

76 

11:07 

92 

60 

32 

72 

11:10 

94 

60 

34 

68 

11:13 

94 

60 

34 

72 

11:16 

90 

60 

30 

70 

11:19 

Fk 

)e  association  te 

St 

11:22 

86 

56 

30 

68 
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BOBBBT  LBE  BATES 


TABLE  f^jy—Cimiintud 


BLOOD  PRUBUBa 

A.M.  BOUB 

HXABTBATB 

SystoUo 

Diastolio 

Pulse  preamire 

11:25 

92 

58 

34 

68 

11:28 

92 

62 

30 

68 

Began  smoking  at  11:30 

11:31 

100 

70 

30 

72 

11:34 

go 

64 

26 

72 

11:37 

go 

66 

24 

76 

11:40 

go 

64 

26 

68 

11:43 

92 

62 

30 

72 

11:46 

92 

64 

28 

68 

11:40 

go 

64 

26 

68 

11:52 

92 

62 

30 

68 

11:55 

94 

64 

30 

72 

11:58 

94 

60 

34 

72 

12:01 

86 

60 

26 

68 

DiBcontinued  smoking  at  12:04 

12:04 

90 

60 

30 

68 

12:07 

84 

60 

24 

64 

12:10 

82 

60 

22 

64 

12:13 

88 

62 

26 

64 

12:16 

Free  asaoication  test 

12:19 

88 

58 

30 

68 

12:22 

90 

60 

30 

68 

12:24 

86 

58 

28 

72 

TABLE  26E 
Reactor  10,  fifth  day,  February  9,  19M1 


9:55 

92 

50 

42 

80 

9:58 

90 

54 

36 

82 

10:01 

go 

54 

36 

80 

10:04 

86 

56 

30 

100 

10:07 

go 

56 

34 

84 

10:10 

94 

58 

36 

76 

10:13 

92 

58 

34 

80 

10:16 

92 

58 

34 

82 

10:19 

Free  association  test 

10:22 

92 

52 

40 

74 

10:25 

92 

56 

36 

76 

10:28 

90 

56 

34 

74 

Began  smoking  at  10:30 

10:31 

86 

1            « 

28 

76 

Digitized  by 


Google 


BFFBCTB  OF  CIGAB  AND  CIOABETTE  8MOKINO 


491 


TABLE  29lK-^onHnvtd 


BLOOD  PBnBTTBS 

A. If.  BOUX 

BSARTBATB 

Systolio 

DiastoUo 

Pulae  pressure 

10:34 

90 

56 

34 

76 

10:37 

90 

52 

38 

80 

10:40 

90 

50 

40 

80 

10:43 

90 

50 

40 

84 

10:46 

90 

52 

38 

84 

10:40 

92 

54 

38 

80 

10:52 

92 

58 

34 

76 

10:55 

92 

56 

36 

80 

10:58 

92 

56 

36 

76 

11:01 

88 

56 

32 

76 

11:04 

90 

56 

34 

76. 

Discontinued  smoking  at  11:05 

11:07 

92 

58 

34 

76 

11:10 

94 

60 

34 

80 

11:13 

Free  association  test 

11:16 

90 

54 

36 

80 

11:19 

90 

54 

36 

80 

11:22 

86 

54 

32 

88 

TABLE  2ttF 
Beactar  10,  sixth  day,  February  16,  19B1 


p.m. 

10:55 

86 

50 

36 

68 

10:58 

84 

50 

34 

70 

11:01 

86 

52 

34 

68 

11:04 

84 

56 

28 

66 

11:07 

86 

54 

32 

68 

11:10 

84 

56 

28 

64 

11:13 

86 

54 

32 

68 

11:16 

86 

54 

32 

64 

11:19 

Fn 

»e  association  te 

St 

11:22 

86 

56 

30 

62 

11:25 

84 

54 

30 

68 

11:28 

86 

Beg 

56 
^  smoking  at 

30 

1:29 

64 

11:31 

88 

58 

30 

66 

11:34 

86 

56 

30 

72 

11:37 

90 

56 

34 

72 

11:40 

90 

56 

34 

68 

11:43 

90 

54 

36 

80 

11:46 

90 

58 

32 

72 

11:49 

92 

58 

34 

80 
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BOBBBT  LEB  BATES 


TABLE  2«F-<7oiiKntM(l 


P.M.  HOUR 

nmAMirmLTM 

Systolio 

PuIbb  praran 

11:52 

90 

58 

32 

74 

11:65 

92 

60 

32 

70 

11:58 

90 

54 

36 

76 

Discontinued  smoking  at  12:01 

12:01 

92 

60 

32 

72 

12:04 

82 

54 

28 

68 

12:07 

90 

58 

32 

64 

12:10 

90 

58 

32 

64 

12:13 

Free  association  test 

12:16 

90 

56 

34 

68 

12:19 

90 

58 

32 

64 

12:22 

90 

58 

32 

68 

TABLE  200 

Reactor  10,  Beomth  day,  February  16,  19B1 


a.m. 

9:55 

90 

56 

34 

76 

9:58 

88 

54 

34 

76 

10:01 

90 

54 

36 

74 

10:04 

90 

54 

36 

72 

10:07 

90 

54 

36 

80 

10:10 

92 

58 

34 

82 

10:13 

92 

58 

34 

80 

10:16 

90 

54 

36 

76 

10:19 

Vn 

ye  association  test 

10:22 

90 

64 

36 

74 

10:25 

92 

54 

38 

68 

10:28 

92 

54 

38 

68 

Bes 

^  smoking  at  10:30 

10:31 

92 

54 

38 

76 

10:34 

92 

54 

38 

80 

10:37 

92 

56 

36 

80 

10:40 

90 

54 

36 

78 

10:43 

92 

56 

36 

80 

10:46 

92 

56 

36 

80 

10:49 

92 

64 

38 

80 

10:52 

96 

56 

40 

76 

10:56 

94 

56 

38 

76 

Discon 

binned  smoking  at  10:68 

10:58 

94 

64 

40 

76 

11:01 

92 

54 

38 

84 

11:04 

90 

54 

36 

92 
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TABLE  20G— Cofih'niietf 


10:07 
10:10 
10:13 
10:16 
10:10 
10:22 


BU>OD  PBXBSXma 


Syitolie 


04 


00 
86 
90 


Diattolio 


Pulae  preasure 


54  40 

54  32 

Free  association  test 


52  34 

50  40 


BBA.BTB4Ta 


80 

76 

80 

76 
78 


TABLE  20H 

Beaetar  10,  eighth  day,  February^  iS,  1991 


0:55 

94 

54 

40 

68 

0:58 

96 

54 

42 

80 

10:01 

92 

52 

40 

80 

10:04 

92 

52 

40 

72 

10:07 

92 

54 

38 

72 

10:10 

90 

52 

38 

68 

10:18 

92 

54 

38 

68 

10:16 

92 

54 

38 

68 

10:10 

Free  association  te 

St 

10:22 

90 

56 

34 

72 

10:25 

90 

54 

36 

80 

10:28 

90 

54 

36 

76 

Began  smoking  at  1( 

}:31 

10:31 

90 

54 

36 

76 

10:34 

84 

54 

30 

68 

10:37 

90 

60 

30 

68 

10:40 

106 

64 

42 

68 

10:43 

100 

62 

38 

68 

10:46 

96 

58 

38 

68 

10:49 

98 

60 

38 

68 

10:52 

96 

58 

38 

72 

10:55 

96 

60 

36 

76 

10:58 

102 

58 

44 

68 

11:01 

96 

60 

36 

68 

Discontinued  smoking 

at  11:04 

11:04 

98 

62 

36 

60 

11:07 

90 

60 

30 

68 

11:10 

96 

60 

36 

68 

11:13 

94 

60 

34 

72 

11:16 

Free  association  te 

St 

11:19 

90 

60 

30 

76 

11:22 

92 

62 

30 

80 

11:25 

96 

60 

36 

68 
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BOBEBT  LEB  BATBS 


TABLE  MI 
Reactor  10,  ninth  day,  March  i,  19B1 


BLOOD  PBKBBUBB 

AM.  BOVR 

HX4BVBAn 

SyvtoUo 

Diaatolifl 

Pulae  itraflBure 

11:15 

98 

62 

36 

64 

11:18 

92 

62 

30 

66 

11:21 

94 

60 

34 

68 

11:24 

94 

60 

34 

64 

11:27 

98 

62 

36 

62 

11:30 

94 

60 

34 

64 

11:33 

96 

62 

36 

68 

11:36 

92 

64 

28 

68 

11:39 

Free  association  test 

11:42 

96 

62 

34 

62 

11:45 

96 

62 

34 

64 

11:48 

92 

62 

30 

64 

Began  smoking  at  11:50 

11:51 

96 

62 

34 

68 

11:54 

100 

64 

36 

68 

11:57 

100 

62 

38 

68 

12:00 

96 

62 

34 

68 

12:03 

94 

60 

34 

68 

12:06 

94 

64 

30 

68 

12:09 

102 

66 

36 

64 

12:12 

104 

64 

40 

72 

12:15 

94 

60 

34 

64 

12:18 

96 

64 

32 

64 

Discontinued  smoking  at  12:20 

12:21 

94 

66 

28 

64 

12:24 

94 

64 

30 

70 

12:27 

94 

62 

32 

64 

12:30 

96 

64 

32 

76 

12:33 

96 

60 

36 

64 

12:36 

Free  association  test 

12:39 

88 

60 

28 

60 

12:42 

90 

64 

26 

64 

12:45 

98 

64 

34 

64 

TABLE  20J 
Reactor  10,  tenth  day,  March  B,  IBBl 


9:55 

94 

54 

40 

84 

9:58 

94 

54 

40 

84 

10:01 

92 

50 

42 

84 

10:04 

90 

52 

38 

84 
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TABLE  2&3—ConHnued 


BLOOD  PRE88UBB 

▲.If.  UOXTR 

^S/LBT  RATB 

SystoUo 

DiMtolio 

Pulse  preeaure 

10:07 

92 

54 

38 

88 

10:10 

92 

54 

38 

82 

10:13 

94 

54 

40 

84 

10:16 

92 

54 

38 

80 

10:19 

Free  association  test 

10:22 

90 

52 

38 

78 

10:25 

90 

52 

38 

84 

10:28 

90 

54 

36 

80 

Began  smoking  at  10:30 

10:31 

94 

54 

40 

84 

10:34 

92 

54 

38 

70 

10:37 

90 

56 

34 

66 

10:40 

96 

60 

36 

70 

10:43 

94 

56 

38 

76 

10:46 

94 

60 

34 

80 

10:40 

94 

58 

36 

74 

10:52 

94 

Ce 

62 
ased  smoking  1( 

32 
):54 

74 

10:55 

94 

58 

36 

72 

10:58 

90 

60 

30 

84 

11:01 

92 

60 

32 

76 

11:04 

92 

58 

34 

70 

11:07 

94 

56 

38 

72 

11:10 

90 

56 

34 

70 

11:13 

Fn 

ie  association  te 

at 

11:16 

90 

60 

30 

68 

11:19 

90 

60 

30 

68 

11:22 

88 

68 

30 

76 

COUPARATIVK  PSTCBOLOGT.  VOL.  11,  MO.  6 
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BOBEBT  UEE  BATES 


TABLE  27 

Reactor  $ 

Averages  of  blood  pressure  and  heart  rate  for  ten  days 


BXADIirO 

■T8TOUO 

DIASTOLIC 

PULSX  PRB8I7Ba 

1 

102.2 

61.6 

40.6 

67.0 

2 

104.4 

62.2 

42.2 

68.0 

3 

103.8 

62.6 

41.2 

67.0 

4 

103.8 

61.8 

42.2 

66.0 

5 

101.4 

61.8 

39.6 

66.4 

6 

101.6 

61.8 

39.8 

65.4 

7 

101.4 

62.0 

39.4 

64.2 

8 

101.5 

61.4 

40.1 

65.4 

0 

Free  association  test 

10 

101.4 

61.6 

39.8 

63.4 

11 

101.8 

62.2 

39.6 

64.2 

12 

102.6 

62.2 

40.4 

63.6 

+ 

Began  smoking 

13 

102.2 

62.8 

39.4 

65  .rf 

14 

102:2 

63.8 

38.4 

65.0 

15 

101.8 

64.6 

37.2 

66.6 

16 

102.8 

64.4 

38.4 

66.4 

17 

103.4 

66.0 

38.4 

65.6 

18 

103.4 

65.2 

38.2 

67.0 

19 

104.4 

66.8 

37.6 

68.6 

20 

103.6 

65.0 

38.6 

67.6 

.. 

.. 

.. 

_ 

— 

21 

104.2 

66.6 

38.6 

69.0 

22 

103.2 

66.6 

37.6 

66.8 



— 



— 

— 

23 

103.4 

65.0 

38.4 

65.0 

24 

101.8 

65.0 

36.8 

66.4 

25 

101.4 

64.2 

37.2 

65.0 

26 

101.4 

64.4 

37.0 

64.6 

27 

Frc 

M  association  te 

St 

28 

104.0 

65.0 

39.0 

64.6 

29 

100.2 

64.6 

35.6 

64.6 

30 

103.0 

65.2 

37.8 

63.8 
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TABLE  28 

Reactor  5 
Averages  of  blood  pressure  and  heart  rate  for  ten  days 


BKADtNa 

sTwrouo 

DIASTOLIC 

puuB  vRwmmm 

BSAvrBAni 

1 

111.2 

61.6 

49.6 

66.6 

2 

111.4 

61.8 

49.6 

64.0 

3 

112.2 

62.2 

50.0 

67.0 

4 

112.0 

62.4 

49.6 

66.8 

5 

112.2 

61.2 

61.0 

66.2 

6 

111.4 

61.8 

49.6 

64.4 

7 

111.0 

61.8 

49.2 

66.4 

8 

109.4 

61.4 

48.0 

66.2 

9 

Fn 

se  association  te 

cit 

10 

110.8 

61.6 

49.2 

63.0 

11 

110.8 

62.4 

48.4 

63.2 

12 

109.2 

62.8 

46.4 

63.6 

-h 

] 

)egan  smoking 

13 

110.2 

66.6 

44.6 

62.0 

14 

113.4 

66.0 

47.4 

63.2 

16 

113.6 

67.6 

46.0 

66.2 

16 

116.0 

68.2 

46.8 

68.6 

17 

117.0 

69.2 

47.8 

69.2 

18 

117.4 

70.8 

46.6 

70.4 

10 

118.2 

70.6 

47.6 

68.8 

20 

118.0 

71.0 

47.0 

69.2 

21 

116.2 

70.8 

46.4 

69.2 

22 

118.6 

72.8 

46.8 

71.2 

23 

117.0 

70.8 

46.2 

70.8 

24 

114.8 

68.0 

46.8 

70.8 

25 

116.4 

69.0 

47.4 

67.4 

26 

116.6 

68.4 

47.2 

67.0 

27 

Fw 

)e  association  te 

et 

28 

114.4 

69.6 

44.8 

69.2 

29 

115.0 

66.8 

48.2 

67.0 

30 

113.8 

66.6 

47.2 

68.8 
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BOBEBT  LEB  BATES 


TABLE  M 

Reactor  6 

Averages  of  blood  pressure  and  heart  rate  for  ten  days 


BAADIKO 

BT8T0LI0 

DIASTOLIC 

PULBK  PBEB8UBB 

HEABTSATB 

1 

109.8 

64.4 

45.4 

74.4 

2 

110.4 

64.2 

46.2 

75.6 

3 

109.8 

64.8 

46.0 

75.6 

4 

109.4 

63.0 

46.4 

75.2 

5 

110.4 

65.6 

44.8 

75.6 

6 

110.0 

64.8 

45.2 

75.2 

7 

109.8 

64.8 

45.0 

72.2 

8 

109.4 

64.0 

45.4 

72.2 

9 

Free  association  test 

10 

108.0 

63.6 

44.4 

71.0 

11 

106.8 

64.6 

42.2 

72.4 

12 

107.8 

64.4 

43.4 

68.4 

-h 

Began  smoking 

13 

109.2 

65.4 

43.8 

71.8 

14 

109.0 

65.6 

43.4 

70.0 

16 

109.8 

65.8 

44.0 

74.8 

16 

109.8 

66.2 

43.6 

74.0 

17 

110.0 

67.8 

42.2 

76.4 

18 

110.0 

68.0 

42.0 

76.2 

19 

109.8 

67.8 

42.0 

78.8 

20 

110.4 

68.8 

41.6 

76.2 

21 

112.0 

68.0 

44.0 

77.2 

22 

112.4 

68.8 

43.6 

78.0 

23. 

111.4 

69.0 

42.4 

76.8 

24 

111.2 

68.8 

42.4 

78.0 

25 

110.6 

67.6 

43.0 

77.8 

26 

110.2 

67.8 

42.4 

74.4 

27 

Fw 

se  association  te 

St 

28 

110.2 

68.0 

42.2 

73.8 

29 

108.6 

68.6 

40.0 

76.2 

30 

108.2 

68.4 

39.8 

73.8 
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TABLE  80 

Reactor  8 
Averages  of  blood  pressure  and  heart  rate  for  ten  days 


RBADma 

8Y8TOUC 

DIASTOLIC 

PDIASPBBBSUBB 

HBABTBATS 

1 

96.8 

56.6 

40.2 

67.6 

2 

97.8 

67.4 

40.4 

67.4 

3 

98.8 

57.6 

41.2 

66.4 

4 

99.2 

68.4 

40.8 

66.2 

5 

100.2 

58.6 

41.6 

67.2 

6 

100.0 

68.4 

41.6 

67.6 

7 

98.6 

59.0 

39.6 

66.4 

8 

99.6 

68.6 

41.0 

68.0 

9 

Fr< 

ie  association  te 

St 

10 

98.0 

58.2 

39.8 

67.2 

11 

97.2 

68.8 

38.4 

66.8 

12 

98.2 

59.0 

39.2 

63.8 

4- 

Began  smoking 

13 

98.8 

69.4 

39.4 

65.4 

14 

100.8 

59.6 

40.2 

65.2 

15 

100.6 

59.6 

40.0 

63.8 

16     . 

99.2 

60.4 

38.8 

66.0 

17 

100.6 

61.2 

39.4 

652 

18 

102.2 

61.0 

41.2 

67.6 

19 

102.6 

60.6 

42.0 

68.0 

20 

100.8 

61.0 

39.8 

65.4 

21 

102.6 

60.4 

42.2 

63.6 

22 

103.8 

62.0 

41.8 

64.0 

23 

100.0 

61.0 

39.0 

64.6 

24 

103.2 

61.8 

41.4 

65.4 

25 

102.2 

61.2 

41.0 

64.0 

26 

101.8 

61.0 

40.8 

64.0 

27 

Frc 

»  association  te 

8t 

28 

98.4 

60.2 

38.2 

67.2 

29 

99.2 

61.6 

37.6 

63.8    • 

30 

99.8 

61.0 

38.8 

65.4 
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TABLE  81 

Reactor  9 
Averages  of  blood  pressure  and  heart  rate  for  ten  days 


8TOT0LIC 

DIASTOLIC 

puxisa  PBnsusB 

BBABTRATB 

1 

107.8 

65.2 

42.6 

73.2 

2 

108.6 

64.4 

44.2 

71.8 

3 

107.2 

65.4 

41.8 

72.4 

4 

106.8 

66.0 

40.8 

73.4 

6 

106.4 

65.4 

41.0 

71.6 

6 

106.0 

65.2 

40.8 

73.2 

7 

105.8 

64.6 

41.2 

71.2 

8 

104.6 

64.6 

40.0 

69.6 

0 

Free  association  test 

10 

105.0 

65.0 

40.0 

70.4 

11 

106.6 

.      66.2 

40.4 

72.2 

12 

104.2 

65.6 

38.6 

69.4 

+ 

Began  smoking 

13 

107.6 

66.6 

41.0 

69.0 

14 

107.8 

68.2 

39.6 

70.2 

15 

107.6 

67.2 

40.4 

71.4 

16 

107.8 

67.8 

40.0 

71.0 

17 

108.2 

68.8 

39.4 

72.6 

18 

107.8 

69.6 

38.2 

72.8 

19 

108.8 

69.6 

39.2 

73.8 

20 

109.0 

70.4 

38.6 

75.0 

21 

109.0 

68.2 

39.8 

74.8 

22 

108.0 

70.8 

37.2 

74  2 

23 

108.6 

69.2 

39.4 

74.6 

24 

106.8 

69.2 

38.6 

74.4 

25 

108.6 

69.6 

39.0 

76.4 

26 

107.8 

70.2 

37.6 

73.6 

27 

Fn 

)e  association  te 

flt 

28 

106.6 

68.2 

39.4 

72.2 

29 

106.6 

68.4 

38.2 

70.0 

30 

107.8 

70.4 

37.4 

73.8 
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TABLE  82 

Reactor  10  (woman) 

Averages  of  blood  pressure  and  heart  rate  for  ten  days 


BBADIKO 

■TBTOLIC 

DIASTOLIC 

PUIiBB  FBXB8UBB 

RBABTBATI 

1 

93.8 

57.2 

36.6 

73.2 

2 

92.0 

57.0 

35.0 

74.2 

3 

93.2 

56.2 

37.0 

74.6 

4 

91.8 

56.8 

35.0 

76.6 

5 

92.8 

57.0 

35.8 

76.8 

6 

93.2 

57.4 

35.8 

73.4 

7 

94.2 

57.8 

36.4 

74.6 

8 

94.0 

57.6 

36.4 

74.4 

0 

Pr< 

)e  association  te 

et 

10 

91.8 

56.6 

35.2 

70.8 

11 

93.0 

57.2 

35.8 

72.8 

12 

92.8 

68.0 

34.8 

71.8 

+ 

Began  smoking 

13 

95.6 

59.4 

36.2 

74.4 

14 

94.0 

58.4 

35.6 

73.6 

16 

95.4 

59.4 

36.0 

73.4 

16 

96.6 

69.4 

37.2 

73.2 

17 

96.4 

58.8 

37.6 

76.0 

18 

96.0 

69.6 

36.4 

76.0 

19 

97.8 

60.4 

37.4 

75.4 

20 

98.4 

60.4 

38.0 

75.2 

21 

96.2 

60.2 

36.0 

74.8 

22 

97.0 

59.4 

37.6 

74.8 

23 

95.2 

60.4 

34.8 

74.8 

24 

94.4 

60.2 

34.2 

73.4 

25 

94.4 

60.2 

34.2 

72.0 

28 

93.8 

60.0 

33.8 

73.0 

27 

96.4 

60.0 

36.4 

70.4 

28 

Fr< 

M  association  tc 

»t 

29 

93.0 

58.0 

35.0 

71.0 

30 

91.8 

59.4 

32.4. 

72.4 

31 

95.2 

59.0 

36.2 

73.0 
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Fm.  10.    Reactor  2 

Averages  of  systolic  pressure  (I)  and  diastolic  pressure  (II)  in  millimeters  of 
mercury;  and  of  heart  rate  (III)  in  beats  per  minute;  for  ten  days. 


\y  ': 


J 1 I L- 


il-    i      * 


Fig.  U.    Reactor  6 

Averages  of  systolic  pressure  (I)  and  diastolic  pressure  (II)  in  millimeters  of 
mercury;  and  of  heart  rate  (III)  in  beats  per  minute;  for  ten  days. 
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Fig.  12.    Reactor  6 

Averages  of  systolic  pressure  (I)  and  diastolic  pressure  (II)  in  millimeters  of 
mereur\';  and  of  heart  rate  (III)  in  beats  per  minute;  for  ten  days. 


100  ■ 


9^ 


W  ' ^ L 


J I I I I I l__J L. 


Fig.  13.    Reactob  8 

Averages  of  systolic  pressure  (I)  and  diastolic  pressure  (II)  in  millimeters  of 
mercury;  and  of  heart  rate  (III)  in  beats  per  minute;  for  ten  days. 


Digitized  by 


Google 


504 


ROBERT  LEE  BATES 


Fig.  14.    Reactor  9 

Averages  of  systolic  pressure  (I)  and  diastolic  pressure  (II)  in  millimeters  of 
mercury;  and  of  heart  rate  (III)  in  beats  per  minute;  for  ten  days. 


992 
9S' 


90 


-    I 


y  : 


Fig.  16.    Reactor  10 

Averages  of  systolic  pressure  (T)  and  diastolic  pressure  (II)  in  millimeters  of 
mercury;  and  of  heart  rato  (III)  in  beats  per  minute;  for  ten  days. 
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Fig.  16.    Reactor  2 


Daily  readings  (not  averages)  of  systolic  pressure,  in  millimeters  of  mercury. 
The  numbers  from  1  to  10  indicate  the  days. 


Fig.  17 
Position  of  reactor  for  blood  pressure  and  heart  rate  readings 
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In  the  chapter  in  the  Principles^  James  repeated  some  of  the  material  which  ^'  ' 
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earlier  article  as  well  as  the  chapter.    Historical  considerati'^- 

since  the  chapter  is  based  both  on  the  article  and  upo^*  T  .         .    ,  ^ 

to  have  these  two  independent  foundations  nr     .,  .    .  •  .  ^ .  .  ^^nj  mQjt^ 

important  reason,  in  that  the  Mind  nr         .  ^-^tjsentation  of  the  " 

organic  theory  of  the  emoti^*^    •  .  .1  '    .t^ciples:  and  in  the  latter 

James  concedes  iiui'*^  uiotions  in  the  way  of  independenee 

of  somatic  "' '  «;iie  former. 


Th 

stude 
Clot 


^ped. 


1  ^oaern  psychology  are  thus  made  readily  accessible  to 
•:«ophy,  and  physiology;  and  a  feal  need  is  served. 
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